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THE SEXUAL EVOLUTION OF SARCOCYSTIS MURIS. 

HV llOWAKO ( HAWLKV. 

A nuinlxM* of y(*ar.'^ a^o, at tli(‘ Univc'rHity of Pennsylvania, an 
inv('stiiJi;atio;i of the (‘arly staj;(‘s of tlx^ evolution of Surcocijslis muris 
in the int(‘stinal c('lls of the mouse was und(Ttak(‘n. This investiga- 
tion was intt*rnipti‘(l for several ycairs, hut was resumed at the 
laboratory of the Zoological Division of the Bureau of Animal 
Industry, Washington, D. and tlx‘ first definite n‘sults olitained 
were outlined in a preliminary note published in 1014 (Crawley, 1914). 

In this not(‘ it was shown that following ingestion of the so-calhxl 
^J)ores of this j>arasite, ]>enet ration of the intestinal cells of tlx‘ mouse 
was efT(X'ted within about two hours. Once within the C(41s tin* 
sjior(‘s rapidly underwent jirofound changes and after the lapse of 
about nine hours they had se])arat(xl into two categories, which were 
inter]iretcd to reiiresent males and females. In the case of th<‘ 
supposed males, d(‘Velopment took the form of a loss of most if not 
all of th(‘ cytoplasm, so that th(‘ parasite became reduced to a nucleus, 
which, however, was of considcu’ably larger size than that of the 
original sjiorc. Later, the chromatin of this nucleus Ix'came col- 
lected into a number of small rounded masses })lac(*d at the periphery. 
Th(‘se ma.'^ses, at first granular, later became solid and eventually 
transformed themselves into ('longat(‘d, thread-like bodies, which 
W(*rc interpreted to be inicrogainetes. Tliis evolution was comphded 
at th(‘ end of IS hours. 

Meanwhile others of the original sjK)r(*s went through a wholly 
difT(‘rent c()urse of development, which was not at the time considered 
in d(*tail. It was evident, however, that llx'se elements retained 
their cyto])lasin and (‘Ventually transfornuMl tlxanselves into oval 
c(*ll>, with rather dense* cytoj)lasm and a V(‘sicular nucleus containing 
a large* karyosome*. Tlx*.se, which w(*re int(‘r])rcted to be females, 
also n*aclied tlx* end e>f tlx*ir development within 18 hours. 

Finally, app(*arance> suggesting fertilization w(*r(* noted. 

At the time wh(*n this preliminary notice was ])rei)ared, my material 
for the* late*r stages, from 12 tf> 18 hours, was abundant and the 
conchlsion^ a< j)ubli>hed were bas(‘d on the findings in a number of 
mice*. f)n the other hanel, for the early stages only three mic(* were 
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available, the^^e n'presenting, respectively, the 2 to 2i hour, the 
3 to 3^ hour, and the 3 and G hour stages, the last being a mouse 
given two infecting feeds lietween which was an interval of 3 hours, 
and killed 3 hours aftcT the second meal. It was therefore con- 
sidered desirable to obtain more material for these earlier stages, 
and the results to be set forth In'rein are based upon the examination 
of a number of mice killed at ])(‘riods of from om' hour onward. 

^Iaterial and Methods. 

A list of the mice used, with appropriate explanatory matter, is 
placed at the end of tlu^ present section. During the entire course 
of the studies on sarcosporidiosis, every mouse obtained in whatsoever 
manner was given a number. In many cases th(‘si‘ were trapped 
gra}' mice, or else white mice which had never been inoculated. 
H(‘iic(' those us(hI for the microscopical study of the evolution of the 
j)arasites in the cells rei)n‘.s(‘iit but a })ortion of the (‘ntiia^ s(‘ries. 
It has b(‘en consid(Ted b(‘tter, however, to retain the numbers origin- 
ally given, since no confusion can jDOssibly arise from such a procedure. 

In the list apjxaided th(‘ time in hours elapsing betw(*en th(' inf(‘ct- 
ing meal and the death of the mous(‘ has been ])lac(‘d iinmediat(‘ly 
aft(M’ the mimbfT of the inous(‘, sinc(‘ this is the most important 
datum. After this th(‘ fixing fluid is not(‘d, and finally a stateimait 
with r(‘f(‘renc(‘ to tlu‘ ciuantity of inf(*ctious mati'rial which the 
mouses at(‘ is api)(‘ndrd. The omission of these' data in a numl)er 
of eases indicat(‘s a failure to kt'e]) the nrord coin]d(‘t(‘. 

Tlu' list as giveai inchidos 38 mic(‘, and the conclusions as .set forth 
hereui an‘ thus basrd on this number of (‘xjK'riuuuitid animals. It 
is d(‘sir<*d to lay <‘ni])ha^i> on this point on account of tlu* possibility 
of confusion with otlaa- intestinal Protozoa, such as Toceidia. 

l‘]nlmann (1911) endeavon'd to obtain mice' in wliiedi tin* possi- 
bility of extraneous infection was exclud(*d. TIk‘ procedure* was to 
rai>e mice' from birth und(*r as >t(*rih‘ conditions as j)ossible. This* 
of course*, is tli(* id(‘al metlioel, but, as Krdmann slate's, it is te'elious 
anel diHie*ult. 'riie* eelheT IiM'thoel is te) use* a large* se*rie*s e)f Fuie*e*, 
which will ])re^umably yie*lej re‘'‘Ults that cannot be* (|ue*st ie)ne*el. 
'rhus. if, afle*r fe‘e*eling, tFara-'ite's are* fe)unel in the* e*e*lls wliie*h are* 
e*vie|(*ntly Snr(‘iirf/slis ^pe>re*s :ind if. as time* passe*s, the*se* int rae*e*llular 
e*|e*me*nts imele*rgo ^^e^rial change's it weinlel se*e*m te» be* liV|)e re*rit ie*al 
to fjiie'stieen the*ir ie|e*ntity a^ *-tage*s in the* e'vohilion e>f SnmirffsUs 
ftnirls. Fe)r it we>ulel be* ne*e*e*^-ary to assume* that e*ae*h e*xpe*rime*ntal 
me)iise* harbeere^ej ( ‘e)e*e*ie|ia ill ae|elitie)u to the* Sare*eispe irielia anel that. 



4 



rU(u;KKi)iN(i> OF Till-: a(\\di:mv of 



[Jan., 



in (‘ach and (‘V('ry ca''(‘ the* ('occidia lia|)p(*iu‘d to 1k‘ in ]n*(*(*i.'^(‘ly such 
a sta^o as to n'Manhlc* tin* Sarcosporidia. Tin* niatln*inati(‘al ))rol)a- 
hility of thi- taking |)lat‘(* diininislu*.'^ with the* iunnl)(*r of inico used 
and wln*n thi> nuinln*!* is Iarj;(‘ l>(*conu*s a vanishing!; (piantity. 

Of (*ours(*. >inc(* protozoan inf(*ction> naturally tend to assuim* the* 
rpiz(»oti<* form, if oin* or two mice* from a ‘»ivcn ca^c* wore found to bo 
infootod with ('oooidia, tin* surmise* would be warranted that many 
or all of tin* others wen* so inf(*(‘te(L l^ut in the ease of the s(*ri(*s 
u]>on which the ])ros(*nt studies W(*n* based, tin* mice wore^ obt aim'd 
from various source's anel from various ])lace*s and in many case*s hael 
ne'Vor b(*e*n in ce)Utact. It is the*re‘fe)re belie*ved that the results as 
state'el are* valiel, so far as e*e)nc(*rns the* peissibility e>f e-onfusion with 
C'oe'e*ielia. 

The* mice* seloe‘te*el for ine)culation we*re* ele*prive*d of fooel for 24 
hour-. This serveel a twenfolel purjn)se. It re*nelere*el them more 
prone* to (*at the* infe*ctienis material whe*n given anel it serveel to free 
the intotine* of half-elige*ste*el ve*ge*table food, the j)resenoe of which 
inte*rfore*s with see*tioning. For the short ])erioels, up to 18 hours 
or -e). the* mie*e* were given a pie*ce of infeeteel muscle* of what was 
re'garde'el as ait ajtpropriate* size*. This was larger or smalle*r. accoreling 
te) the* number e>f e*y-ts it e*ontaine*el ; anel whe*n the*so were* abunelant 
tin* jtortion give*n hael a we*ight e>f the* oreler of one*-te*nth of a gram. 

Win'll the ineni>e* is given its infe*cting me*ul, any one of several 
thing- may hajijie'n. Some* inie*e* jieisitively re*fuse* to toucli the 
me*at while* others me*re*ly jilay with it fe>r a time* anel the*n abanelon 
it. More usually, howe*ve*r, the* me)U>e* fe*e*els, anel the customary 
me*the)el i.- fen* it to holel the* food in its fore'jiaws and nibble at it 
until it i- all e*on<inne*el. 1'his proe*e*elure*, howe*ve*r, may be* inter- 
ruptcel by ele*Ia\s. but if the e*ntire time* re*e|uireel to finish the* meal 
i- -lu)rt in e*om])arisejn with that te> e*lapse be*twe*e*n fe*e*eling anel 
ele*ath. the* me)U.-e* may be* used. Finally, in some case's the* me*al was 
be)lte*d in the* manne*r in which a eleig fe*e*els. 

At the* e*nd e>f the* j>ro])e*r iie*rioel the* meiuse* was chloroformeel, 
ope-nod, ami the* aliine*ntary canal re‘ine)veel. In nearly all case's it 
wa- plae-(*el in the* killing fluid e*ntire*, being ne*ithe*r cut into pie*e*e*s 
nor .-lit open. The* inte-stine* e>f a mouse* has such thin walls that the 
fluid- have* no elifficulty in pe*m*t rating, anel this proe*e*elure ele>es away 
with the* remgh hamlling ne‘e*e*<sarv in slitting the inte*.stine*. It more- 
ove*r re*taineel the inte*stinal e*e)nte*nt-. an obvious aelvantage, anel a 
ce)inpari-on with slit inte.-tine*s sliejwe*d that the* fixation was e*eiually 
aee urate*. d'he* only eli>advantage* was that at times the* pe*ne*tration 
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of th(^ Huids from the museiilaris toward the (epithelium n\<ulted in 
the latter heiim torn loose from th(‘ imderlyina; (‘onneetive tissu(\ 
At least thi> phenomom^n was not infn‘(iu(‘ntly manifest and is 
presumably to h(‘ er(‘dit(‘d to the din*etion of entranee of th(‘ fluids. 

Followin.t!; fixation, each intrstine was eut into ])i(‘ce> of a con- 
venient hanztli for embeddim: in ])araffin. In ‘»(‘neral, th(‘ small 
intest iii(‘ was eut into 2.3 to 3U ])ieees which were numbered, as a 
rul(‘, from th(‘ ant(*rior to tin* jMjsterior end. Thus, int. I of a given 
mouse indi(*at(‘d the pi(‘(T immediately folhjwing the stoimudi, the 
highe>t or last number that ])iece imm(*diat(‘ly in frtuit of the caecum. 
Sonudimes. how(‘V(T. thi> ]^roe(‘ss was n^versed, th(‘ la>t ])iec(‘ of th(‘ 
int(*.'-lin(‘ being d(‘.>ignated as int. — 1: the u(‘.\t to tin* last, int. 2, 
and .so on, th(‘ U(*gativ(‘ signs serving to distinguish such cases from 
the more usual proceduna This, as alnaidy not(‘d, is aj^plicable to 
th(‘ '-mall int(*stine alom*, the eiecuin and larg(‘ intestine being given 
other (h'signatious. The' |)roc(‘dun‘ as outlined above was not, 
howev(*r, always followe(I. 

The fixing fluids us(‘d wcaa*: 

1. Hermann’s fluid, stronger formula. 

2. Zenker’s fluid. 

Picro-aeetie acid, mad(* by nalueing a saturated atpieous 
solution of j)i(‘rie acid to on(‘-lialf strength with wat<*r, and adding 
1 per cent, glacial ae(‘tie acad. 

4. \n ah*oholie-eorrosive-a(*etie mixture', d(‘si<rnated in the 1(‘xt 
as A. (’. A. Th(‘ formula for thi-- is as follows: 

Saturat(‘d acpieous -olutlon of mereiirie chloride* .30 ]>arts. 

Alcohol, 9.3 |)er cent .30 jiart^. 

f ilaeial aeet ie acid .3 parts, 

( »f th(*"e, Ib'rinann’s liuid and the ]>iero-aeeti(* mixtun*, the latte*!* 
d(*"pit(‘ Ij*e‘^ ^trietun*^, gave tin* most delicate fixation. Zenker’^ 
fluid is not tee Ik* re‘(*omnie*nei(*d, '.inee* it le*ave‘s tin* tissue's in peior 
ceendition feu* ‘^tainin^ ami is at be^t a mediocre* fixative*. 

riie* A. fluiel, while* srare*ely ^o accurate* as lle*nnann*'' fluiei, 

is none* tin* le*''^ a very geeoel fixative*. It is, meu’e*ove*r, ve*?y eon- 
ve*nie*nt, ^ine*e tin* ti^>iie*> can be* pa^^ed directly from it into alee»ln)l, 
and it ieave*> the* inate*rial in e*\e*e‘lle*nt e*e)nelitieui for •'taining. 

4'he* mate*rial ua" ‘'t:iine*d both in bulk ainl em tin* >lieli*. While* 
there* i^ a l)re*judie*e* against the* fe>nin*r ine*thoel fe»r ele*lie*ate* e*yte)le>gical 
weak, De'iafielel’s ha*inate )\ylin e*eMinte*r^taineel em tin* ^liele* witli 
alcoholie* e*e)>in or ;ie*id fue*}!"!!) eli>^olvce| in 9.3 pe*r e*e*nt. aleeehol. give*s 
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results not far short of tlii' host slide' >taininit:. The use' of eouiiier- 
stains in alcohol is a .u;r(‘at tiiui'-savini’' ele'vie'o, since* tlu' i)re‘paration 
lui'i l)ut to he pa^seel from xyleil. te) absolute alcohe)!, to 9o j)er c('iit. 
al(‘eihoI, to the' stain anel l»ae-k a.ciain te) be reaeiy for the Canada bal- 
sam. Moreove'r, if aeael fuchsin In* use'el, e)ue*fpiiek dip in tlie stain is 
sutliedent. 

Fe>r sliele stainin.a;, irem h:einate)X\'lin, WTii^ht’s and (beinsa stains 
anel thiunin wen* use'd e*itlu*r with e»r without coiinterstains. The 
ble>oel stnins list'd alone* are unsatisfae'tory, since only the* blue ingre- 
dients set'in te) take* he)lel e)f the* tissues. Wright’s stain, counter- 
^t aim'd with alcoliolic e'eisin, he)we‘ver, gave V(*ry good re.sults. The 
tt'e'linicpie was as fe»llows: The sliele holeling tlie sections was first 

tre*ate‘d as a bleioel sme*ar anel allejwt'el to lie* with the mixture of 
^tain anel wate*r u})e)n it fe)r 10 te) 15 minute's. It was the'ii washed 
first in water ami the*n in 95 pe*r ce*nt. alcohol until all of the pre- 
e-ii)itate‘el stain hael elissolve'd. It was then staineei witli eosin dis- 
.<e>lveel in absolute alcoheil, next iiasse-d into cle*an absolute alcohol, 
ami finally into xyle)l. Wright’s stain comes e)ut very rapidly in 
ah-e)hol, i)Ut the* whole* prex‘(*elure as ai)ove outlineel e*an be* completed 
in a ve*ry .'-hort time*. 

Thionin })re*paralie)ns counte*rstaine*eI in e*ithe*r alcohe)lie eosin or 
ae'id fuchsin in alcohe)! we*re* largely useel anel gave in >ome respects 
the* \}v< re>ults. Pn*j)aration> so staine*el eli>play be*autifully shar]) 
and e*le‘ar-cut ])ie*tim*s, and the*y are very ge)e)el when it is a question 
e)f bringimr out the* e*he*mie*al epialitie's of elifi'cre*nt ])arts e)f the para- 
>ite*^. On the other liaiiel, tliionin fails to lering e)ut certain granule's 
in the<(* Saree»pe)rielia whieh are* i)e*rhaps signifie*ant , anel slides 
'•taim*d in thionin are* met permanent. 

Ae*e*e)relingly. mej-t of the >liele*s we*re* >laine*el witli iron iKcmatoxylin. 
W'ith mate*rial fixe*el in Ib*rmanir> lluid, a counte*rstain is not neces- 
'•ary. altliough it wa*^ ofte*n u.se*el. With the* other fixatives a 
eounteT-tain wa< ne-cc»arv, and ae*iel fm-hsin was the one* most 
ge*m*rally eniple)ye*el. 

The* Ii>t of mie*e use*el fejlleiws: 
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Prior to taking up tli(* d(*scripliun of tli(‘ findings in tlio cells, it is 
d(‘siral)le to call attention to a phenonK'non first sipuilizcnl hy Erd- 
mann (1910). This is th(‘ exfoliation of tln^ inti'stinal e])ithelinin 
which a])p(‘ars to follow in«i;(*stion of th<‘ spon*s of Sarcocijstis. ddie 
natural inh'renre would lx* that tiiis was due to the invasion and 
>uhsefju<*nt destruction of tin* cells liy th(‘ ]:>arasit(‘s, and such wti> 
my oriirinal id(‘a ((’rawhw, 191d). No <loul)t a e(‘rttiin amount of 
(‘xfoliation is to he accounted for in tliis way, hul otluT factors are 
involve(l. Thus lOrdmann hnind that the inc;(‘stion of an extract of 
Sarcnri/st is vysi:<, from which th(‘s]ior(‘s t h(Mns(‘Iv(‘S hail lieen r(‘inc)V(‘d, 
wa" followed l)y exfoliation, and data that 1 sliall now ^ive show 
th.at the (‘xfoliation tak(‘> j)lac(‘ Ix fore any (‘xtensivi‘ invasion of the 
cells. 

The int(‘>tines of a s(ries of mice, all of which had heen killed 
within 0 hours aft(‘r feeding, were examined and the conditions 
})resented hy th(‘ o|)ithelium in various parts of the intestim* noted. 
The result'- of thi^ examination are lahiilated helow. Wdua'e no 
exfoliation was d(‘moii'>t rahh*, th(‘ condition is indicat'd hy tla* word 
‘‘none.” When*, how(‘V(‘r, if is in (‘vidcnce it is de-ii^natrd as 
“slij^ht,” “moderate,” or “severe,” according to its d(‘^n‘c. 



s 


rHO('KKni\r.s of tuf A('\okmy of [.Ian. 


lilt. 1 


Mot si: 2l(», l-nori< St\<u:. 

I'Afoliation slij^lit. 
lOxfoliatioii modtTiiti-*. 
I''\fnliati(>n none. 


1) 

n 


I'.xfnHation slight. 
l‘]xfoliati(»n . 

l‘]xfnlialioii iii(>(l(M-at(‘. 
ICxfnliation sov(T(‘. 


i:> 

17 

i') 

21 

2:^ 

2:> 


l^xhiliat ion s(‘vcn‘. 
T'xfoli.ation 
l^xfoliation non(\ 
Ivxfoliation s(‘V<t(*. 
ICxfoliation slight . 
lOxfoliation nom*. 


hit. 1 


MorsK 2.")1, 1 J-iioi u St.\(;k. 

lOxfoliation none. 
Kxfoliation none. 
l''.xf()liatic)H none. 


0 


Kxfoliation none. 
MorsK 2 IS, 2-noi It St.vok. 


hit. 3 
s 
‘1 
1.') 


Kxfoliation slight. 
Kxfoliation none. 
Kxfoliation none. 
lOxfoliation slight . 


21 

2<) 

27 

2s 

:m) 

:v> 


Kxfoliation slight, 
Kxfoliation none. 
Kxfoliation nont*. 
l^xfoliation non(‘. 
Kxfoliation vtTV slight. 
Kxfoliation vt‘ry slight. 


hit. 2 
i\ 
s 
in 
12 


MorsK 24tl, ii-iiortt Sta(.k. 

Kxf( ilia t ion niodera t e. 
Kxfoliation none. 
Kxhiliat ion none. 
I^xfoliation none. 
Kxfoliation nom*. 


17 

is 

H) 

20 

•>o 

21 

20 

:m) 

:n 


Kxfoliation moderate. 
Kxfoliation slight . 
Kxfoliation slight. 
Kxfoliation very slight. 
lOxfoliation none. 
lOxfoliation non(\ 
Kxfoliation .slight, 
h'xfoliation nom*. 
ICxhiliat ion mine. 


Int. 1 

— ~i 


Mnr>K 2(il, l-Motat St.\(;k. 

ICxfoliat ion nom*. 
Ivxfoliat ion slight . 
h.xfoliat ion slight . 


Int. 12 
1 1 


.Mol >K 217, 1-noru 

Ivxfoliatifin nom*. 
l\ixfoliation nom*. 



191G.1 



NATURAL SCIENUES OF PHILADELPHIA. 



9 



H) 

is 

11 ) 

Si) 

31 



Ini.-l 

o 

-3 

-4 

— 

— T) 



Ini. 

‘^'2 

3(1 

31 

32 

33 



Inu 10 

1. j 

K) 

10 

2 . ’) 
27 
2S 
20 



Exfoliation .'<li}ilit . 
Exfoliation slight . 
Exfoliation slijihl . 
Exfoliation sli«:hi . 
Exfoliation very sliixlit . 

MorsK 2r»2, to 3-norK Staok. 

ICxfoliation nnn<\ 
Exfoliation slight . 
Exfoliation >liu:lit . 
Exfoliation sov < t <*. 
I'^xfoliation mo<lrrato. 
ICxfoliation inoOc rato. 



MorsK 2.50, .5-norit Sta<;k. 
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l-]xfoliation none. 
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ICxfoliation .^li^ht. 
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Exfoliation qiio>t ionaOlo. 
ICxfoliation -li^Iii . 
ICxfoliat ion nonr. 

Exfoliat ion none*. 
Exf(4ialion nom*. 



As alr(‘ii(ly as a result of th(‘ method of fixinji; the moose 

inte>tin<*. the (*pitli(‘lial row was :it tim(*s torn hjost* from the >uh- 
(•pith(*)ial eonn(*etiv(‘ tiNsoe. It thus n‘sults that in some eases th<‘ 
material |)resent(‘(I a decidedly l>att(M*ed ti|)pearaiie(’. ^\ hih‘, how- 
ever, the epithelial row its(‘lf mi.eht tlms Ix^ torn loos<‘ and more or 
!<‘>s broken, the individual c<*lN w(‘r<‘ not then'hy injnnxl jind th(‘ir 
app<*aranee indicjit<‘d :m iietairate fixjition. 

On the other hand, it wa^ fretpiently possible to .se<‘ that the cells 
at the tips of the villi w<Te abnormal, this abnormality expre-^vin^ 
it'self in a lo-'' of *-taininK cajiacity on the part of tlie cvto])la^in and 
an obvioii" dej^emTaey of the nu(’l<‘i. d'his de^(‘neraev, at hi''l 
aflectin^ only the cell> at the tips <,f th(‘ villi, passes into a condition 
in which tbe-e celN have disappeared, whih* those lyin^ alon^ the 
>ide*> of the villi are alTect«‘d. 'This condition, in it-s turn. pass<‘s, 
into one in which the villi iir<‘ repre<<‘nted merely by snmip^ uf 
eonn(*ctive tissue, the epithelinm beiiqx pr<*sent only in the rejxioiis 
between (he ba^cs <,f ()ir villi. Fimdly a staue i> rea<-hed in which 
th(‘ intestine is wholly d<‘niid<‘d of epithelinm. In the lists ^iven 
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lht‘ tiTin “slijiht” (l(‘tinr> tliosi' conditions in which (*|)ith(‘li:il d(‘jj;(‘n- 
('ration is just lx*ginnin^ to lx* inanih*>t, tind “nuulcrati*’ conditions 
wIhm*(' tin* tip> of the villi an' seriously atl(*ct(*d, and ‘'si‘v<‘n‘ con- 
ditioiw when' the (h'stnictivi' infhn'nec' has furtln'i*. 

rii(‘ data iiiv('n in tin' al>oV(‘ lists s('(‘in to establish tlu' ftu't that 
(‘xfoliation of the (‘])it h(*rniin is corn'lated with ingestion of th(‘ 
>j>on‘s of San‘osj>oridia, but tluw an' not consistc'iit amongst thein- 
-(‘Ive^. Tims. mou<(' 2 IS, a 2-honr stage, is not .so badly affected 
a- inoiix' 240. kilU'd only one hour after h'l'ding, wh(*n‘as mous(' 251, 
a li-hour stage', slunvs no (‘xfoliation at all, although in this last case 
obsi'rvations wi'iv t'onfme'el to only a small iKirt of the intestine. 

In the cax's of Xos. 210 and 2t)I, both 13-hoiir stages, and No. 247, 
4-hour, ('xfoliation is not ('Xtensiv(', whih' No. 202, 5- to d-hour, 
show> a considerai»l(' amount ni'ar the ]U)st('rior ('iid of the int(‘stine, 
a> doe< alx) No. 250, 5-hour. On tlu' other hand, mous(' 253, killed 
0 hours aft('r f(‘('ding, i> but slightly alb'cted. In view ot the rather 
contradictory nature of the' data, it is imi)ossible to attenijit any 
ex])lanation of the modus operundi of loss of tlu' (‘pitlu'lium. 

I'h'dinann sugg(‘>ted that tin* d(‘st ruction of tlu' epith(‘liiiin was an 
adaptation having for it> purjxxx' tlie ('asica* ]X'netratioii of the 
s])or(": into the tissue's (4 th(' mouse. Presumably this destruction 
i- correlated with ingestion of the jiarasitc'S, but if it 1 h' of any value 
to host or ])ara<it(' it x‘('ins inon' i)lausible to regard it as a dc'feiisive 
inov(* on tlu' part of tlu* fejrnu'r. In their attack uj^on th(' mouse 
th(‘ parasite'." first invade' the' (‘pithelial cells and this they do witliin 
the* fir."t two ejr three' hours. Obviously, tlu'n, the elc'st ruction of 
this (‘jhthelium, e'ithe'r be'fejre' or afte'i* j)rn('tration by the ])arasites 
can emly work to the'ir disadvantage'. Hence, while' it is possible' 
to look upon this exfoliation as an adajitation on the* jiart ejf the' 
hejst, there se'ems no gejod n'ason for se.) doing. It is a inatte'i* of 
obse*rvation that ('xfoliation follows the ingestion e)f sarcosporidian 
cV"t". but it is also a matte'r of obse'rvation that such ingestion is 
practically alway" fejllowed by infc'ction of the inuse'h's. Hence', 
the* (‘Xfoliation is obvioeisly not prote'ctive*. 

The matter is, howeve'r, one' of mine)r iin])()rtane‘(‘ and the' data 
are' mere'ly give'ii for what the'y are' worth. 

IN'ou nox or tiiu Parasites ix the ('ells. 

4'h(' account of the findings in the' ce'lls may a])})ro]n*iat('ly Ix' 
b»‘gun with mou^e' 240, kille'd one hour after fee'ding. As indicatc'd 
in the table on p. S, slides we-re' ])re])ared from the alte'inate pie'ce's 
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of the intestine from one end to thi‘ otlier. The anterior ])ortioii'>, 
Xos. 1 to 11, were wholly ne^i^ative. there heiii^ no sjx)n‘s either in 
the lumen or in the cells. Bi\i 2 ;innin^ with int. lo. how(‘ver, >pores 
were present in the liiiiKai, and they w<‘re seen in the cells in int. 
10, 23, and 2o. Their ahsenee from int. 21 is to l>e credited to the 
severe exfoliation there jiresent. 

From int. lo, where the sj)ores were first seen in the lumen, there 
wa^ a rai)i«l increasi* in their numlxM’s in (vieh successive ])iece, and 
in tin* lumina t>f int. 23 and 25 they were j)n‘S(‘nt in enormou" numbers. 
From thi^ it is evident tliat it recpiires hut om* hour fin* the in^esttal 
spore> to naich tht» extieiu(‘ posterior end of the small intestine, and 
a- -hown hc)th hy this and other mice, aj)parent ly the jxri'at majority 
of tlaan n*ach this situation viay cpiickly. Wdiile they havt‘ also 
lM‘(*n foiiinl in tht‘ caecum in very (airly stai^es, th(‘y evidcaitly do not 
pa— from the -mall inte-tin(‘ into lh(^ (aeciim as rcaidily as they 
pa— alom: tie* <mall int(‘stine it''(‘lf. This i- (‘videncc‘<l hy th<‘ fa«‘t 
that in the (airlier stai:(‘s np to 0 hours or tlaa-cailxMit- tin* la^t 
two or three centimrters of the small intestine always harlxu' spore- 
fr<M* in th(‘ liinaMi. 

3’hen‘ is thus hrouu:ht about a -late of alTair- of somr int(*re-t 
when the (airlier s1a^(‘s of the evolution of the parasit<‘- i- under 
coii-iderat ion. It is (‘vident that the spore- ]>a-s alon^ the -mall 
inte-lin<‘ very rapidly until th(‘ posterior (aid is r(aich(Ml. I'ln* 
lenjrth of tim<‘ laapiired for thi- “triaim of -jiore- to |>a''- a i^iven jioint 
will obvioii'^ly \’arv in tie* dilTereiit mice. In tho-(‘ (ai^e^ whena a- 
a re-ult of prolonerd nihhlinjr, tie* in^re^ted iiaait reaches the -tomach 
thonaiirhly comminuted, we may |)n*-nme that it^ stay in th(‘ stomach 
i- -hortened and its movement aloii^ the small int(‘^tine more rapid. 
(Ml the other hand, when the meal is -wallowed in lar^(‘ piece*-, the 
pre-iimj)tion i- that it will remain in the stomach until it i- softened 
and di-inteirrat(‘d, and in con-e( pa'iice its proiire^^ alonjr the ''inall 
iiite-tine will he delayed. X«‘\ ert hele--, die(‘-tion in mice* of pun’l\ 
animal matter i- rapi«l. and in general at tie* end of a few hour- -pore- 
are -<*arce* in tin* lumen of the upper and middle portion- of the 
small interim*. If. a^ a pure me*— •, we* may a— mne that the* stream 
e>f -pore- re'<|uire- one* hour te> pa-- a give*n jM»inl, then tie* -peire- 
within the* ce*ll- in any particular part of the* inte*-iine e*\cept the 
po-te*rior eneh will all have* (*nte*re*e| the* ce*ll- within an Imiir of e»ne* 
anothe*r. < )n the e>the*r haiiel, a- we* have* -e*e*n, ^reat numbe r- of the* 
spore- reach the* pe)-te*rie>r })art e»f the int(‘-tine* w’ithin one* hour, anel 
re*main th(*re* feu* -evera! henir-, a- i*- -how n h\ fiiielinj; them in thi- 
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<itnatioii in 9-lioiir ])nrini>: tli(‘ \vhol(‘ of lliis tim(‘ it cannot 

1)0 (|U(‘stioiUMl that individuals an* coii'^tantly ])cii('t rat in**; tlu‘ <‘(‘Ils. 

d'lu'n^forc it <c(Mus r(‘asonal)l(‘ to assume tliat within c(‘rtaiii limits, 
the intra(‘t'llular s])or('s in a ^ivcui s(*clion of tin* upixa* or middle 
parts t>f th(' int('stiiic will lx‘ in somcwliat tlu‘ sani(‘ dcV(‘Ioi)m(‘ntal 
stai:(‘. On tlic contrary, in th(‘ postcM’ior ])art of tli(‘ intc^stim*, tlic 
intrac(*llular >pon\s will n'pr(‘S(‘nt a s(*ri('s in tin' d(‘V(doj)m('nt, coviM'inj; 
th(' ^r('at(‘r j)art of th(' p(*riod of time (dapsin^; between f(‘(‘dini»; and 
the d(aith of tin' mous(‘. ddius, in a b-liour mouse, tlio parasites in 
llu* cells of this {'xtnMiK* j)ost(u*ior jiart of th(‘ intestiiu' might n^presemt 
forms which had Uvew in th(‘ cells from only a few minut('s uj) to 
s('ven or (*ight hours, and in Xos. 132 and 133 it was evident that 
this was the cas(‘. 

It furtiKu* follows that in these ]X)sterior portions many more ccdls 
are parasitizcal tluin elsewhere, since then' is here maintaiiK'd for 
sev('ral hours a large supidy of (‘Xtracellular spores. 

R('t liming to tlu' conditions as found in mouse 24b, intracellular 
s]K)res in small numlx'rs wi'H' found in int. 19, 23, and 25. These, 
of course, n‘]:ir('sented the very ('arlii'st stages in the development 
and in the main were not to be distinguislied from those* in the 
lumen. In >onie cases, however, development had begun, thus 
(h'lnonstrating the (‘Xtn'uu' rapidity with which tlu'se parasites ge) 
through with their evolution. The mounted material of this mouse, 
how(*V(‘r, was pre]xired with a view of ge'tting a geaieral survey of 
the e'onelitions rathe*r than for ele*taile'el eytological study. Hence, 
no figures of the ])arasites as founel he're' have* be'en maele. 

Mouse ?J/. Menise* 251 was killeel I 2 hours afte'r feeding. 
Ae*e*e)reling te) the observations made at the' time of the infecting 
fee‘d, it re‘ce‘ive*d “a very light me*al,” but when the stomach anel 
inte*stine* we-re jire'pare'el fen* stuely the finelings sugge'ste'd that whe*reas 
redative'ly the* meal may have be'en ve'ry light, positively such a 
elefinitiem se*e‘me*el scare*e*ly apjiropriate. In the stomach, from 
whie*h the* e*pithe*lium hael large*ly disa])pe*are‘el, tliere we*re alninelant 
(•>•>1*^ of the* jiara'^ite*, many of which we*re nmre eir less intact anel 
e*e)ntaine*el the* gre*ater numbe*r of the* spe>re*s. In int. 1, 3. 5, anel 7 
th«‘n* we*re* abunelant spore's in the* lume-n, anel in int. 9 tlu'v we*re* 
|)re*<e*nt be)th in the* lume*n and in the* e*e*lls. 

romparing the conelitions founel he*re* with theise* in mouse 24b, 
it is to be noteel that in the* latte*r the* speires were further back towarel 
the* e*nel of the inte-stine*. In No. 24b the upper portions ejf the* 
inte*>tin<* we*re* fre*e ejf spe>re*s. whe*re*as in 251 these* same portiems 
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contained them in eonsiderable abundance. These differences are, 
as already sug'^ested, probably to be accredited to differences in th(' 
manner in which the two mice fed. 

Taking up now the evolution of the spores within the int('stine of 
the mouse, we may advantageously use as a point of departure the 
spore as it oeciirs fn‘e in the limnai, for it is evident that development 
begins h(*re. 

Plate I. fig. 2, ])ortrays such a sjiore and may l)e taken as the 
point t)f departure, although in all the early stages th(‘ spor(‘s in the 
lunnm are identical with many of those in the c(‘lls. This particular 
case from mouse 248. a 2-hour stage, but it is valid foi* any of the 
early stages. 

Th(‘ charact(M'istics of this stag(‘ are as follows: ddi(‘ contours of 

th(* c(4l ar(* sharp and clear cut, and th(T(‘ is a distinct bounding line 
or jieriplast. The cytoplasm, while obviousl}’ alveolar, is dense' and 
ordinarily stains w(‘ll. (Iraniiles ma\' or may not b(‘ i)n*s(*nt. Tin* 
niicleu>, which i-« consjiieiious, is round and gives tin' api^eai'anct' as 
though in life it were turgid with nuclear .saju There is a distinct 
nuclear nn'inbrain* and a more or less distinct nuch'ar net is always 
J)re>eilt . 

W'ith regard to its shajx', tin* sjxen* in the lumen may be n smooth 
o\al, a^, for exam])Ies, arc* tin int racc'llular s])ores shown in Plate* 1, 
fig^. ii and I, or it may liave tin* sid(*s more* or less bulged out in the 
region of tin* nucleus. This latter plienonn*non is due to tin* iin*r(*ase* 
in sixr nf the nucleus, a proe(*ss initiatc'd very shortly after tin* -'pore 
n*acln*v the aliun*ntary (*ana! of tin* mouse. 

'Fin* appearance* of tin* spores in the intc*.*-! ine, wlictln*r they be 
in tin* lumen or in the ec’lls, olb'rs a considerable* e*ontrast te» that of 
spoie*^ n‘mov(*d from tin* e*ysts. With re*gard to the*se latl<*r, a 
el»*^eripl ion is ln*n*with give*n. although tln*y are* familiar objects 
in the* lit(*rature* and have been <lescribe*d and figured a numbe r of 
t inn*s. 

Such *-pore-« are shown in Plate 1, fig. 1. As i^v ln*re iiidie*at«*d. one- 
end of tin* spore is broa<l«*r, tin* otln*r end narrowe*r. and tin* imele-ii*' 
lie**' ne*arer t he* narreew e*ne|. 

'Fin* internal -«lrue*tnre‘ is obse*iire*. 1'he nue*leiis i- ,*i e*lear-e*eit 
ve-'ie*|e, ainl to all aj)jM*arain*es is j»re>vide*d with a ele*(initi\e* mein- 
brain*. Xe> int**riial stnie*teire* e*an be* maele* out. ainl tin* plaining 
re*ae*lion i^ fe*e*ble‘. In ( Iie-m"a pre*paratie)n'« it stain^ a pale* re-ileli'.h 
e*e»|or. 

'Fin* e-vtopla^m with ( liem^a stain-' a ele*ii-*e* bhn*. It-' ^trin lure* can 
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'‘Carc(‘ly lx‘ (Irtf'nniiuxl, hut it may Ix' iiitVnxxl that it is alv(‘olar. 
It i>- iu ili(‘ imnuxliat(‘ vicinity of tli(‘ uuchxis. Tlu' hroad 

end of th(‘ -i>on‘ i'* frccjinaitly mncli h*ss chaise tlian (‘l.s(‘\vh(‘re and 

at tiine^ >hows a more or h‘>s w(‘II dcdincxl oval anai. Tliis apixair- 

ancc\ ho\v(*vi‘r, is jmdjahly due mcax'ly to tlu‘ fact that hen* th(‘ 
c\ to]da''m has a loW(*r aflinity for tlu* stain tlian (‘ls(‘\vh(*r(\ 

'rile* <am(' ])h(‘nom(‘non i^ shown l>y the* spores of Sarcoci/shs 
l( jHtrunt (’rawley, Ihl 1). In th(‘ cax‘ of tlic^ raliliit parasite, as 1 

have* emhxivonxl to >liow, om^ (aid of the sjion* s(x‘ms to lie diffenai- 

tiatcxl into a Mirt of rotrnni, llie cytoplasm of which do(*s not stain 
a'' dcais(‘ly as do(\s tlial of th(‘ iialamx* of tlu' spoixa \V(‘ arc* jirobahl^ 
dcailimr witli the* sani(‘ tliini!: in th(‘ case of Sarcoci/sUs Imt in 

thi> ])ara'-it(‘ tlie dilTenaitiation of th(‘ rostrum is not so sliarji. It 
may fnrtluaanore lx* sn<^^(‘st(xl that it is this ehairer region in tlie 
'‘])orc‘ which has given rise* to th(‘ lxdi(*f, (‘xjiressed hy some authors, 
that the sarcosporidian spiire poss(*sses a iiolar eapsuh*. 

C'omjiaring the s]ior(‘s takiai directly from a cyst with those in tlie 
intestine, th(‘ lattc'r an* hroad(‘r, inon' oval liodies, and, although 
thi- i- not shown hy the figur(‘s, there lias been a loss of the grannh's 
which are such a characteristic hxitnre of the former. The most 
noteworthy change*, liow(*v(*r, concf'rns the nucleus, which has 
Ixxximc* larger, aiiparently much more turgid, and begins to show a 
unclear nc*t. 

It i- thn- (*vid(*nt that evolutjon lx*gins as soon as the spore reaches 
the int(‘stine of the mouse, and apjiarently the most important steii 
i< a gn*at increase* in activity of the* nucleus. This evolution, liowe*ver, 
eloe< not appe*ar to be earrie*d far unless the spore gains a resting jilace 
within a c(*il of the* host. 

d'hc* cells invaelexi are the cylinder cells. At least this is so in the* 
va^l majority of cases. Now and then, however, jiarasites are to be* 
found in mucous ceils, but sinc'c the pr(‘S(*nc(* of a parasite in a e‘e*ll 
may rc'-ult in mucoid ele*generation, it is difficult to diagnose* such 
in-tance-. The jiara.-ite* may have* invaded a muexjus cell or it may 
have cau-exl mucoid degeneration of a cylinder cell. This (luestion, 
Innvever. appears to be e>f no gre*at importance. 

It i' al-o W(‘ll to emjihasize the* point that the* sjiore* is a naked 
nia-' of j>rotopla>m and that tlie* only elirferentiation displayed by 
ihe cvtopla^m i*^ the* }x*ripheral condensation into a ]x*rii)lastic layer. 
Stateme*iit- to the elTect that the* spore opens and re*le*ases an ameebula 
are wholly without warrant, and polar filam(*nts, either coiled up 
within one e*nd of the cell or di>chargeel, do not e*xist. Claims e>f 
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this sort, which have appc^ared in the literature from time to time, 
s(*em to <lu(‘ to an unfortunate desire to correlate the Sarcospo- 
ridia \v\xh tlie Myxosporidia. Thes(‘ two «:ruups may of course l)e 
cIos(*ly r(‘lated, but as yet there is no conclusive evidence on hand 
t(j >how that th(*y are. 

Plat(‘ I, fiLTs. 3 and 4 show spon‘s in the cells of int. 9 of mouse 251, 
a l.\-hour -tajre. It is to lx* not(‘d that each of th(‘se lies in a vacuole. 
Probably they have not be(‘ii in th(‘ cells for mon‘ than an hour. 
In both of them th(‘ cytoplasm is deiu<‘, comi)act, and d(‘eply staininfi;. 
In both (»f them, also, the nucleus ha< enlarjtcMl and is se])arated from 
the periphut only by very narrow strips of cytoidasm. 

There i-, however, a difi*en*nce in the natun‘ of th(‘ net in these* 
two niK'lei. In the (*a.-<* of 3. the m(*shes in the* c(*ntre are solidly 
filh*d with chromatin, wlier(*as in that of fi^. 1 the (‘hromatin is divieled 
into '^(‘pa^at^• masses. In ail of these* <*arly stage's the chromatin has 
a low allinity for >tains. and, follejwin^ the* rule* whie*h s(*(*ms to hold 
Generally true in Pre>to/.eja, takes the* acid rathe*r than the* basie* 
stain<. On thi> accexint it results that these nuclei are rather eliflicult 
mie*roscoj)ical e)bje*e*ts, and se‘e*n with j)owe*rs of le*ss than 1,000 diame- 
te*rs, a nue*le‘U'> like* that of fie. 3 loe)ks like* a V(*sie*le* containing; only a 
e*e*ntral eranule*. But with a maenificat ie)u of 1,500 te> 2,000, and an 
inte*n‘'e* artificial liu;ht, tlu* strue*ture as shown in the* fienn* is brem^ht 
ejiit. A'' will be* shown late*r, fiii. 3 rc])res(*nts the* more* j)rimitivc 
conelitiem, in whi<-h the* chre)inatin is e*e)nce*nt rateel inte) a sineh* ma>s, 
within whie*h, howe*ve*r. the* me*she‘s e>f the* nue*le*ar net can be* trae*e*el. 
In the* ca^e* eif fiji;. I, the* e*hre)matin e)e*curs in >e*parate* masse*s anel the* 
e*entral me*-he*s e>f the* ne*t are* laree*ly cle*ar. Xue*h*i pre*e*i>e*ly like* 
e*ithe*r e>f the*se* may be* se*<*n in ."pe)re*.'> in the* hime*n. 

MnNs( Me)ii<(* 2 IS wa*^ kille*el twe> he>urs afte*r fe*e*dine. 1(< 

inte*'‘tine* wa> e*ut inte) 32 pie*ccs, int. .*>2 re*pre*se*ntine the* e*xtre*me* 
pe)-t<*rie)i* porliejii. Ob*'e*rvat iem> we*re* maele* e)ii int. 3, 9, 15, 21, 27, 
ai\<l 32. In the* Ul)per ))e>rtieinv the*re* we*re* se*at (e*re*e| >pe>re*> in the* 
lumen anel oe-e-a'^iemal -‘pe*e*ime*ns in the* e*e*ll>, but, fe»lle)win^ the* 
i::e*ne r;el rule*, para^it i/at ie)u wa^ ne)t e-xte'D^-ive* until the* me)re* pej^icrien' 
part- we-re* re*ae*he*el. 

IMate* I 5, freim int . 27,-he)W> a para-ite* lyiiui; in the* u-ual vae*uole* 
e*le>-e* tei the* fre*e* e*d^c of the* e*pil he*lium. 4'he* c\teipla-in i- e|rn-e*, 
while* the* niie*le*u- *'he>w- ve*rv eli>tine*tly a nue*le*ar ne t -uppentina 
.-e*at te*re*il chreematin ;;ranule*-. 'bhe* nue*leu-, in tiii- e*a-<*. lie- mar 
eine* enel ejf the* e*e*lb I’ilZ. I», freilli int. 30, al-e» lepre-eiit- what i- 
e*le*arly a ve ry e*arly "taite*. 'I'he* e*y te)|)hi.-m i- eicn-e* and eeanpae t. 
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tlu' (*('11 contours an' sliarp and a pi'ri])last can l)c scm'ii. 'riu' nucleus, 
however, shows im*r('ly as a faintly st aim'd vac'uole containinj^ some 
formed siil>>tane(‘. the' (h'tails of wliieh eould not he made out. It 
may here i>e remarki'd that in most of tlu' e('ll parasites tlie nueleus 
apj)»‘ar> as a vesicle conlainini:: a nueU'ar m't, and tliat in j»eneral 
thi< nuclear net is th(' only part of the nuch'us that stains. Hence 
the net a])])('ars as though jirojeetc'd ajiainst a clear background. 
On tlie other hand, it is frequently to he observed in the s])ores free 
in the lumen, and much h'ss fre(|m‘utly in thosi' in th(' cells, that the 
nuclear sap as wt'll as the nueh'ar net has taken the stain, thus 
ohscuriuE!: the (h'tails of th(' lattt'i*. This condition is illustrat('d by 
fig. b. 

In the |)reliminary note' it was stated that at h'ast a ])ortion of the 
intracc'llular sj)or(\s rapidly umh'rwent a change which (‘Xj^ressed 
itself in a reduction of tin' eyto])lasm and an increase in the size of 
tlu' nueleus, the ultimate n'sult of which was tiu' ])rodiiction of a 
body which was ai)])arently only the eulargvd original nueh'us, tlu' 
eytoplasi]) having a])parently all disa]>]K'ared, This, it was stated, 
was interj)reted to Ix' tlu' mah' form. 

This (‘Volution is illustrat('d in Plate 1, figs, 7 to 11. Fig. 7 shows the 
unclear enlargc'nu'ut with no gn'at amount of cytoidasmie n'duetion. 
Tlie nuek'U'^ is large* and turgid, it cause's the sides of the parasite to 
bulge and shows aMlistinet m*t. This nc't consists of a central aggre- 
gation from whicli strands run to the i)eri])hery. As alivady iudieatc'd 
in the discussion of figs. and 4, wheivas the api)earancc of this 
central aggr<*gation diffe'rs consich'rably in tlu' different specimens, 
its structure aj)pears to lx* fundaimmtally the same tliroughout. It 
s(*ems t(j be nu'rely the elose'-meslu'd central part of the nuclear net, 
with the int(‘rs])ac(‘s .'sometimes emj)ty and .sometinu's filled in with 
faintly staining ehnjinatin. Idie latter is th(' more primitive 
condition. 

The parasite shown in fig. 7 was from int. lo, or about the middle 
of the int(*>tine, and henc(' is presumably that of a parasite which 
has b('cn within the cell for some litth* time. Excej)t, however, for 
the notable (‘ulargeim'nt of the nucleus, it has all the characteristics 
of a very (*arly stage. 

Fig. 8, from int. 30, repn'sents a condition in which there has bec'u 
as y(*t no gn'at amount of nueh*ar enlargement, but a slight degn*(' of 
cytoplasmic d(*generation. In fig. 9 there is shown nueh'ar cmlarge- 
ment accompani(*d by a eonsi(h*ral)le (h‘gn*e of cytoplasmic degt'iiera- 
tion, as is (*videne(‘d by the vacuolization and rough contours of the 
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cell. In fi. 2 :. 10 the iiuclou> project.^ out from the sides of the cell, 
while the cytoplasm is reduced and shows uneven contours. In 
fi?. 11 there is seen both nuclear enlargement and cytoplasmic 
reduction. 

The initial stej)s in the evolution of the male element are illustrated 
by the figures just deserilx‘d. The details of this evolution vary 
greatly, and it is doubth'ss true that this variation iii detail is the 
r(‘sult not only of variations in th(‘ actual biologi(‘al process itself, 
but is also dependent on the technique. Tims, in iron hiematoxylin 
pn'paratioiLs then‘ aiv always associated witlj th(‘ nucleus one or more 
intensely l>lack granul(‘s whi(*h an* eitluT not visible at all or only 
faintly visible* in Delafield or thioiiin pr<‘parations. Furth(‘rmore, 
in material stained in thionin the eytoj)lasm is frequently seen to be 
separat(*d into two jiortions, as shown in Plate* I, figs. 12, l.‘I, and 14. 
fb re the* cytoplasm is broken up into a number of hnn]>s or streaks 
(‘ither 1\ ing embedded in a faint ly staining ground substance (figs. 12 
ami I 1 ) or ai)i)areiitly lying free* in the vacuole which thei)arasite always 
j)ro<Iuee*s in the* mouse* cell (fig. 14). It is e*vieh*nt that one* e>f the*se 
ce)nditions i>« n*aelily de*rivable from the* olhe*r. Thus, in figs. 12 and 
14. the* e*ytoj)lasm has se])arate*d inte> a e‘hre»inoj)hil substtin<‘(* lying 
within an almost a(4tromatie substance*. This latter gradually 
disaj^pe-ars, j)re)dueing the eemelition shown in fig. 14. 

A high alfinity for (4ire)inatin stains is e*harae*teristie* of the bv- 
]»re)diie‘ts of protoplasm. an«I i^ e*s])eeially well bi-ought c»ut by thionin. 
ThU". in mate*rial se> staineMl. both de*g<‘nerate‘ nue4e*i and mneU'^ are* 
eIeM'j)ly staine*el. In the* fe)rnie*r eaisi* we an* ele*aling with a i>atho- 
logieal, in the latte*i* with a phy>iologie*al pn)e*e*ss, btit in both with 
protoplasinie- by-j>re>dm‘t s. In tie* e'ase* e)f the*se* Sareosj)oridia, the* 
great im-nviNe* in (h<* size* e>f the* nue‘le*us se*e*nis te) |)re*elie*ate* a supply 
eif pabulum, anel the* '^ugge’st ie)u is at le*ast i)e*rniissible* that thi" 
j):ibuhim is sup])lie*d by the* e^yieipLisin. If this we*re* so, the* pre*sump- 
lieen wemlel be* that the* ele*u-e*Iy staining (le*e*ks, as ne>te*el in tigs. 12, 
14). :in<l II. repre*‘'e*nt the* ewteeplastnie* d(*bris remaining after the* 
nue|e‘ii'> ha^ robbe*e| the* e*yte)plasni e>f a part e>f its siibstane-e*. It i^ 
eel e-ean-e* to be* unele*rs ( (m m 1 that the* abe)Ve* is put forth me*re*ly as a 
pe)>'ibility, the* matte r being one* se*are*e*ly e>pe*n te> a rigiel el(*me)n- 
st rat iem. 

MoH.yt I As imte*d in the* list given e>n p. 0, this me>U'>e* re*pre*- 
.‘'e nts the* e’eaielit ieins frean 2 te> 2i hejttrs afte*r fe*e*eling. 4'he*^e* are* in 
all e s^e'ut i:ils the* same a- the>-e* of mouse 2 IS, as is e*viele‘ne‘e*el by tigs. 
I.'), It), anel 17. In tie* e*a-*e* e»f fig. 17, Plate* II, it is te> be ne>te*d that 
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thi‘ cytoplasm is ^n'atly rcilucril in (piimtity and is vacnolatc'd, while 
in all tluv(‘ tlu' nnch'us is (‘iilariic'd and shows the usual nuch'ar lud. 

Mousr 'rhis animal was kilhal lhn'(‘ hours aft (m* foodini>:. Its 

intt^^tim* wa> rut into dl pir<*('s nimih(>r(‘d from I to .SI. OhscTva- 
tions w(‘i*(‘ mad(* upon tin* stomach and upon int. 2, (>, 8, 10, 12, IS, 
20, 22. SO, and SI. 'ria* stomach and tin* first five' pit'ces of th(‘ 
intestine (*xamined W(‘re ii(^^ativ(\ In int. IS spon's wei(‘ pn‘S(mt 
in th(‘ luiiKMi; in int. 20. 22. SO, and SI they were found both in the 
luiiKMi and in the c(‘lls. 

It has already been shown (p. 11) that in .some of the mice th(‘ 
spor(‘s mov(' aloiyt!; tlu* int(‘stin<‘ V(uy rapidly, y('t it is always to 1 k‘ 
remembered that tlu^ failure to find them in a few selected slides is 
not proof of their abs(MU’(‘ from the particular portions of the intestine 
from which th(‘se slides W(‘re made. In this mouse it seems unlikely 
that .-() much of the intestim* was a(*tually negative. 

It is in mous(' 219 that the dilTerentiation into males and females 
first begins to be noticeabh'. In the case of the males, in which the 
charact(‘ristic chang(‘s consist of a great enlargement of the nuckais 
and a reduction of th(‘ eyto))lasm, there is no confusion, since th(‘se 
changes are cons])icuous and readily detected. 

Thus, Plate II, figs. 18, 19, and 20 are all obviously males, since they all 
show nuclear enlargement and cytoplasmic reduction. A particularly 
good (‘armark of the males is the fact that the nucleus is not .sur- 
rounded by cytoplasm, the parasites consisting (fig. 18) of an enlarged 
nucleus provided with two tongue- or ca]vshaped masses of cyto- 
plasm. The consj)i(*u()Us black granule, mentioned above as 
appearing in iron hiematoxylin stains, is to be seen in fig. 20, whereas 
fig. 19 shows a stage when‘in tlu‘ cytoidasm is nearly" gone and the 
nucleus has reached a size (‘(pial to that of many of the eiitire para- 
>ites. 

On th(‘ oth(‘r hand, tin* differences between the female and the 
original spore ar(‘ by no means so striking. Tlu* female is relatively 
'-horter and broad(‘r, whih* the nucUais is souK'times larger and, 
as a rul(‘, >hows tlu* chromatin concentrated into a single large 
karyosonu*. d'her(‘ is, however, no loss of cytoplasm. ^Moreover, 
with an exc(‘ption to b(‘ not(‘(l b(‘low, th(‘ fcanale und(‘rgoes no such 
conspicuous chang<*s in the course' e^f its ('volution as does the mal(‘. 
In con'(‘quenc(*, in these early stage's it is always difficult and some- 
time< impos<ibl(* to say whether a giv(‘u j>arasit(‘ is a female or merely 
one whi(‘h hn< b(*(*n in the cell a short time. 

Ilencf', it is only with much reserve' that fig. 21, Plate II, may be pro- 
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nounced that of a feinalt*. It possrs.'^os, liowever, tla' rather densely 
stainin" cN'toplasm eharacteri>ti(‘ for tlie females and the nnelens is 
too small for a mal(‘. The de(*ply stainin*^ g;ranules prescmt in iron 
ha)matoxylin material are here in evidence. 

Fig. 22 prol)al)ly aNo r(‘pr(‘si‘nts a female since it is a smoothly 
oval cell ^^^th dens<' cytoplasm, and th(‘ nnelens, \vhil(‘ large, does 
not cause any protrusion of tlie sides of the cell. The radiate nucl(‘ar 
structur(‘ in this parasite is peiailiar for such an {‘arly stage, and may 
r(‘pr(‘sent a V(‘ry pnrociou^ cax‘ of maturation (set* ]). oO). 

Mou.sr 120, — This ukrisc* was given the flesh of an infect(*d animal 
at a stated tiini* and r(*quired oii(‘-half an hour to complete its m(*al. 
It was killed tlm‘c hemrs later and in c(jnse(iu(‘nce n‘pr(‘sents tin* 
conditi(jns 3 to hours afl(*r inoculation. Figs. 23 and 21, Plate II, 
are from this mon-e and sliow (*arly mal<‘ <tag(*s, as evidenced by the 
enlarged nnel(‘i and th(* scanty (juantity of (*ytoj)lasm ]n*(‘S(*nt. 

Mnu.se 201. Mous(* 261 was given a piece of inf(‘ct(‘d miH(*l(‘ a1 
10 A.M. (Feb. Li, 19Io). It b<*gan to eat at once and eoiisnined a 
considerabh* (juantity of tin* inh‘eted inattTial, but did not th(‘ii 
comj)lete tin* meal. At 2 P.M. th(* inoust* was cliloroforni(*d, tin* 
inf(*eted inuseh* having b(‘(ai eattm in the int(‘rim. Hcnci*, it rc]in*- 
sents the (*<jndit ions from 3 hours down to sonn* sliorter p(*ri(Kl. Tin* 
only portions of the intc'stim* (*.\amin(‘d in this ease* wen* int. — 1 to 
int. o, or the last five* pi(*(*(*s. 'bhe intest im* of this mouse* was slit 
open prior to fi.\;ition and in conx'ejiience* tin* s])ore.s in the* lumen 
wi*r(* lost. 

Since* the '.tud\ here* was e*online*d tei tin" last fe*w centimeters of 
the* inte*stim*, a give*n intrae(‘lhilar spore* might have* be*(‘n in its ])lace* 
anywhere from a fe*w minute's to thre*e* Ijours or more*, and h(*nce* it 
is iinpo>>ible* to pie*k e)ut the* e*ar!v female stage*s with any de*gre*e .of 
<‘(*rtainty. Thu^, (ig. 2o might be* e*ith<*r tliat e>f an early fe*male* 
stage e>F of a ])ara^ite* which had be*(*n in the* ee*ll fejr only a sheert time. 
It i> perhaps the* same* with lig. 26 whie*h re•pre‘.x*nt'^ a feerm elillie-nlt 
te) ela‘-*'ify sat i"fae‘te»rily. ( )n the* e)the*r haml, fig. 27 is an e*vie|rnt 
(*arly male*, anel both thi> anel lig. 26 are* e>f inte-re-st in sheiwing V(*rv 
e*le*arly the* nne*le*ar '>t rue t eire*. 

In a fe*\\ e-a^e in me)U>e* 261. mal<*> we*re» feuinel in whie*li the 
e>f e*ytoj)la*'m was e*e)mph te*. 

Mnii.sf 1 'f7 . riii" loeMDe* wa*' kille*e| feeeir hours afte*r fee*ding. It** 
inte stine* was e*ut inte) I j)i<*e<*N, frenn int. I te> 31. anel eeb^^e rvat inns 
we*re* made* e)u int. 12, I 1, 16, 19, 30, anel :k3. 

The* (litTe*re*ntiatie)n into male*> anel fe*male*s is lirre* e*arrie*d a little* 
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flirt lii‘r, altiiou'j;!! it still dillicult to forms that (*an positively 
i)(‘ (lia,‘ino>tHl as feinah's. 

An (‘videiit female, lu»\V(‘Vi‘r, is shown in ti.iz;.2S, Idate II. Tliisistaktai 
to l)e a female on aeeount of its shaiie. its ri'tention of the endoplasm, 
ami the eliaraet(‘r of its nuelens. This latter element, as is shown 
l)V th(‘ ligiire, is vesieular, with a sharply defined nuclear membrane 
and a central mass of chromatin from wliich strands radiate to tin* 
periphery. Fiji. JO shows another female. This fijiuro is diagram- 
matic, but is es>(‘ntially liki* fig. JS. Both of these figures were 
obtained from int. I t of the mouse: that is, from the anterior half 
of th(‘ int(‘stine, and hence the jiresumption is that both of the 
parasites drawn had binai in the C(‘Ils for some considerable time. 

Fig. 30, from int. 10, may also be that of a female, although here 
the diagnosis is more doubtful, since the form rather suggests a 
jiarasite which has Ihmui in tlie cell for onl}^ a short time. 

In addition to th(‘ females, characteristic early males were seen 
in tln‘ cells of tliis mou>e. 

Mou.'^c Tliis mouse was killed five hours after feeding. Its 

intestine was cut into 34 pi(‘ce>, numbered from 1 to 34, and oliserva- 
tions were made on int. Jl, JJ, and 32. 

In this mouse it is much (*asier to distinguish between the males 
and females, since* tlie two lines of development have become well 
sei)arat(*d. TliUs, fig>. 31 and 32, Plate 11, represent males whicli have 
reached what might b(* t(*rm(‘(l tin* nuclear stage; that is, the stage 
in which the cytejplasui has neai’ly or quite disai)])eared. 

Thus, in fig. 31, the cyto])lasm has all disapp(*ared except for a 
cap of degenerate-looking mat(‘rial at one end of the nucleus. The 
nucleu- itself shows the usual net, associated with which are .several 
black granules. (4*ntrally ‘there is an irregular mass of acidophil 
chromatin in which lies a large black granule. This probably 
r(*pre-cnts th(‘ karyosome. 

Fig. 32 also r(*])res(‘nts a male. Th(‘re is here to be seen a well- 
defined net of rath(*r broad strands and a number of black granules. 
The meshes of th(* net are in some places hik'd with faintly staining 
material. A kary<jsome does not a])])ear to be present, although the 
large bla<‘k granule may perhaps re])r(*scnt it. The cre.scent of 
staining substan<*e at one end of tin* nuck'us may re])resent the 
remnant of the s])ore cytoi)lasm, but more probably is a crcsc(*nt of 
iiost tissue which not infreciuently forms at the end of the vacuole 
in which the ])arasit<‘ normally lie>. Its actual detachment from the 
parasite sugg(‘sts it is the* latt('r. and if this lx* so the cytopla.sm of 
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the parasite ha> wholly disaj^ix^areil and thi* vaeuole in which the 
nuclcms lies is th(‘ vaciiol(‘ originally formed by thi‘ ])arasiti‘. 

F\^. 33, Plate 11, represent^ a jnira.-ite from th(' same slide and ^ainc 
section of the inte>tine as 31 and 32. It is clearly a female. The 
entire ])arasii(‘ i> >harply oiitlin(‘d, and the cytopla>m i'-; d(*n>(*, 
althoujih showing; --(AaTal vaeuole-. 'Fhe nucleic i- cl(‘ar cut and 
ccmtains a lar<;e. ratluM* faintly -tainin^ karyosoni(‘, to^(‘ther with 
two black irranules. ( )u(* of these u;ranuh‘> lies within the karyo-ome, 
th(‘ othcT a})pears to b(‘ in tli(‘ -])ac(‘ betwc(‘n the karyo>oiu(‘ and 
membrane, but it i- po>sible that it actually lay upon tli(* naanbrane 
it-(‘lf. In thi- ])arti(Milar ca-«‘, ,-trands conn(‘ctiui;' the karyo-.ome 
with the nucl(*ar inciul^raiK* could la^t be d(‘tected. 

Kii>;. 3^1 was also obtaimal from th(‘ >am(‘ -lide as fi«z:s. 3], 32, and 
33, but U(»t from th(‘ .-ame -ection. d'h(‘ ])ara-ite wa- cl(‘arly outlinecl. 
TIa cytoj)lasm, whik* nol ^ujjij^e-tiinr de^enerati(ji», was not hoino- 
‘ieia^ous, but a])pear(‘d to con.-i.-t of a matrix in which W(*n‘ a numl)(*r 
of poorly defimMl (l(*n-er areas. TW\> i- an appearance* fr(*(}U(‘ntly 
to la* noteal in tla* (‘arly female -ta.iie-, but it has not Ix'cn possible* 
to work out its si«rnilicanc(‘. 'Fla* nucl(*us of thi'^ parasite* was cle‘ar 
e*ut anei e‘ontained a lariie, faintly ^tainintr karyei-eune. Little* 
.-tranels radiate*d fre)in the* karyej-e)na*, but thi*^e* ceiuld ia)t be* trae*e*el 
to the* iiue*l(*ar na*nd)raia*. 3"wo blae*k jrranule*- we*re* pre‘>e*nt. eine* 
within or u))e>n tla* karyo.-e)me*, the* euhe*r e)ii the* nucle*ar na*mbrane*. 

'Fla* four parasite's la*re* furure*el aial ele‘<cribe*el typify e*emelitie>n- as 
fouial in me)u-e* 2.')0. 'Fla*y appe*ar te> furni-h -ati-fae*te>ry e*viele*ne*e 
that the* -j)ore*-. afte*r tla*ir inva-iem e)f the* ce*lls, -e*parate* inte> two 
i^remp-, the* late*r e*ve>lutie)ii of whie*h iialicate's that tla*y are* te> be* 
re*<rareleel a- male*- aial fe*male*-. 'Flu- e*Veilllt iem, me>re*e>ve*r, preM*e*rel- 
at -ue*h a rate* that at the* • lal e>f five la)ur> at le*a-t a coii-iele*ral)le* 
nutnbe*r of the- para-ite - e*an Im* .- e>parate*el inte> uiale*s aial fe*male*-. 
It i'' al-e> be*lie*ve*d that lla* ca-e*- la*re‘wiih e*e>n-iele*ree| are* tla* naire* 
e*emvine*inir in that the*y we re* all lake*n frean e*xae*lly lla* -;ma‘ plae*e* 
in the* inle*-tine*. 'Fhi- wa- tla* 1 we*nly— e*eeaal pie*ce* e>f an inte -iine* 
e*ut inte> pie*e*e*- aue| t lie*re*fe u’e* e)id\' two-thirel< the* way freim the* 
anierieir e*ia|. 'Flii- pe*riiiit- e»f the* pre*-junpt iem that lbe-e* four 
parasite*- hael all e*nte*re*el the* e*e ll- at -ema*whal t la* -ame* t iiia , aial 
that ihi- s\a- ]M*rhap- fe»ur laiur- prieir te» the* ele alh e>f tla* iiam-e*. 

It i- e»f ceiur-e* te» be* uude*r-te>od that in tla* wlaele* inte-iiia* up le) 
() lamr-. aial in it- e*xtre*na* po-le*rior peutiem- up tee b laair-. tla* 
para-ite-> are* in ^e*ia*ral in all -e>rt- of e*eiialitiem- anel that eml\ a 
pe)rtie)ii are* elifTe*re*nt iate*el inte> male*- anel fe*male-. I*'urt larmore*. 
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it i< to 1 k‘ undFi^tood tluit the fiuim's an*, as is usual in such cases, 
fUoH' or less dia^rainiiiatic, siiic(‘ it is impossible to rej^roduce the 
exact ap])earanc(‘s as found und(‘r the microseop(‘. 

Mouse r?oS . — 'riiis nious(‘ was killed 0 liours after fcedin^^ and its 
int<‘stin(‘ cut into pi(‘ces, numl)(M'(*d from J to 29. Observations 
wer(‘ mad(‘ on int. lo, 19, 2o, 27. and 29. 

Th(‘ conditions hen* ar(\ of eours(‘, very much like those of mous(‘ 
27)0, the (M‘lls showin.u; evidimt mal(‘s and hanales along with a number 
of oth('r> which had not (‘volved far enough to permit of their bc'ing 
deti*rmined. riiaracteristic hanales are shown in figs. 36, and, 
Plate' III, 37. A male is shown in fig. 3S, whicli was taken from int. 16. 
Thi>, wliih‘ (litb'ring sonu'what from figs. 31 and 32, is nevertheless 
obviously a males ^^ince the cytoidasm has wholly disappeared and 
the* parasite consists e>f nothing more' than the enlargc'd nucleus of 
the' original sjx>re‘. 

Mouse 99. This mouse* was given two infective fc'cds se'parated 
by an interval of 3 he)urs and kill(*el 3 hours after the second. It 
thea-efore' rei)resents the* conditions at both 3 and 6 hours after 
inex-ulation and it is usually possible, in the* case of any given parasite, 
te) say to whicli of the* two inoculations it belongs. Thus, fig. 39 is 
e)bviously that e>f a male and no doubt belongs to the^ 6-hour stage. 



3'he Later Staoes. 

The Male. The* e*arly stage's of the evolution of S. )nuns have, 
as far as possible*. be*e*n traced step by step as they occurreel in mice 
killed from 1 to 6 liours afte*r inoculation. At the outset the spores 
are* apparently all alike*, although it is possil)le that the elimorphism 
may be* in (‘viele'nce* e*ve*n for the* s]K)re*s in the C 3 ^sts, as aj^pc'ars to be 
the* ease* for the* spore's e>f Sarcoei/slis colii (Fantham, 1913). But 
whe*ther this be* so e>r not, by the* e*nel of 6 hours at least a considerable 
pre)j)ortion of the* parasite*s })res(‘nt are e‘le*arly s(*parated into two 
categorie's. 

I"or the late*r stages it is more* conve*nie*nt to follow these two line's 
of eie*velopme*nt separately, inste*ael e>f e*e)nsiek*ring what is found at 
the* enel e>f incre*asingly longer })e*rioels of time. Fen* after the first 
eight or ten hours the time* fae‘te>r ce'ase*s to be of value, and both 
9- anel 18-hour mice*, fejr instance, may sliow identical stages of 
e*volution. The* de*ve*le)pine*nt of the* male will first be* consielered. 

An we* have* alre*aely se*en, in the* first fe*w hours the male parasites 
Ifjse* me^st if not all of the*ir e*ytoj)lasin anel be*ce)me r('eluce*d te:> an 
ele*ment which is obvie)iisly only the enlarged nucleus of the original 
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>j 3 or<‘. Eventually the ehroinatin of thes(^ elements colh^ets into a 
number of small a^^re^ates wliieh arran”;e themselves aromul the 
perij^liery of the p:irasit(‘ ami transform thems(‘lves into what are 
evidently the iniero^am(‘t(‘s. It may be assum(*d that the (‘Volution 
of the male element, or miero^ametoeyte, j^roeeeds in an orderly 
manma*, and hence it sliould be possil)le to ol)tain an onhu'ly s(‘ri(‘s from 
some such sta^e as that of 31 (Plate II) to that of fi”;. 7o (Plat(^ V). 
It is not, however, ])ossibIe to ^ive all of th(^ sti'ps of this «‘Voliition. Tho 
parasite'^ are themselves small, ranj^inji; around S « in diam(‘ter and in 
eonM‘(|Uence th(‘ d(‘tails of thc'ir structun‘ nMpiirt' tlie hi!>;hest j)owc‘rs 
(jf tlie microscope. Tlaa-e is not a i^rcait deal of staining material 
within them, and th(‘ ])iclur(‘ is confus(‘d ]>y the faet that tliey lie 
embedded within the cells of tin* imjux^ in s(*etioned material. It is 
l)eli(‘ved that in order to work out this evolution with pr(‘cision it 
w(»uhl l>e necessary to deV(‘loj) a teehni(iU(‘ which would permit of 
obtaininji:: th(‘ j)arasil(*s isolated, an end whi(*h could be gained (‘ither 
by cultural methods or i>y devising some means of ^ettin^ the ])ara- 
sites out of the C(‘lls in which tlaw had (Ievelo]x‘d. Tin* few attempts 
whi(‘h hav(‘ been made alonii; tliese lines liavc^ as yi't m>t in<‘t with any 
succ(*s>. It is tiaTcfore t«j be understood tliat tli(‘ d(‘tails ot tlie 
eV(>lution of the micro^ametocyte as here set forth are prcsent(‘d 
with -ome re-erve. 

Takin;^ u]) now tln>^ develojinnait of the male from tln‘sta^e found 
in the o- and (i-hour mice t<i that found at tlie (aid of IS lioiirs. the 
earlier phas<*^ of it an* illustrated by fi^s. tO to .13 (Plate III). As it 
ha|)peiis, most of liiex* are troni iui(*(* lOli and 120, both of whi<*h 
Kave especially favorabh' matiaial. Wdiat is seen here, howevia*, is 
confirm<*d by the findings in other mice of the same periods. 

lOvideiitly what is found in tin* 2- to li-hour mice will I’epresent 
conditions earlier than those found in ini<*e kill(‘(l 0 hours »ir nion* 
after feeding, and in the-e former tin* lUK'lear ii(‘t is coarse* and has a 
low allinity for chromatin stain.s (>ee (inures of the>e stayies). Ii i*. 
a mat t< r of common knowledge t hat tin* cli(*mical nat ure of chromal in 
varies with the jiliysiolo^ical condition of the nucleus and ih:i( this i^ 
maiiifest(‘d hy a varyinu; siainin^ reac‘tioii. 'I'lius, in the s,, -railed 
re^tiim nuclei the chromatin has a relati\a*ly low p(‘i'cent av;c ot 
nucleic acid, and this i> indi(*ated by a relatively Inw allinity for 
chromatin stains. ( >n the other hand, as tin* nu(‘leus prepares to 
divid<*, the p<‘rceiita^e of nucleii* acid increases, and as this takes 
j)lace the chromatin displays a greater and ^n*ater aflinit> for chroma- 
tin stains. 'rii<‘ j)crc«*nta^e of nucleic a(*id is greatest at the time 
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wIkmi the (‘linnnatin is into (‘liroinosoni(‘s, and tiiis is also 

the time when it stains most int(‘iis(Jy. 

In tho ease of Protozoa, tlu^ restinji, or hettca* the tro})hie, nnelcais 
takes the plasma ratlu'r than the chromatin stains, a fact which 
may he ascrihcal to an extremely low content in nucleic acid at such 
times rath(T than to a fundamental difTerence Ixdwcen th(‘ chemistry 
of ]u*otozoan and metazoan nucha. Hut wIk'u in division, 11 k> 
])rotozoan nuchais stains as does that of the Metazoa, and this 
same stainine; reaction is also displayed by certain of the i)roducts of 
this division, such as niicrojiametes. 

It is th(Tefore permissible to supi)os(‘ that in these early male forms 
of Sarcocystis the coars(‘ness of the thnauls of the nuclear net 

is due to th(‘ fact that the achromatic filaments are b(‘aring a quantity 
of cliromatin poor in nucleic acid. H(‘sides being distributed along 
the achromatic filaments and upon the inner sui*face of the nuclear 
membraiKN the chromatin may also occur in lumps, in masses which 
fill up the mesh(‘s of th(' net, and there is apparently normally ])re.sent 
a larg(T mass or karyosoine. 

In the course of s(‘V(‘ral hours, how(‘ver, this type of nucleus trans- 
forms itself into a body such as is shown in figs. 6G and 07 (Plate' I\'). 
This is an oval elem(*nt containing some achromatic .stringy substance 
and showing around the periphery a series of granular clusters. 
The granule's compeising these clusters are extremely minute, but 
intensely chromo])hil, .staining as do the chmmo.somes of a di\iding 
me'tazoan cell. In spite of their minute .size they are readily re.solved. 

We thus start with a nucleus having a consiele'rable bulk of chrej- 
matin wiiich has a lenv affinity for chromatin stains. IMorpho- 
logically, this chromatin occurs as granules, irre'gular ma.sse's and 
bands, borne' eitlie'r by the* nue*le'ar net ejr upon the inner .surface of 
the nuch'ar me'inbrane'. There' is also usually jiresent a central mass 
or karye>soine'. Afte*r se've*ral hours, how'ever, the chromatin has 
eliminislie'el in bulk, has an inte'iise affinity for chromatin stains, and 
is plae*(‘d arounel the jie'ripherv in the' form of clusters of minute 
granule's, ddie conspie'uous e'hange's them cejnsist in the taking em 
of a high affinit}' feir basie- stains, subdivision into minute granule's 
and migratiejn to the* jie'riphe'ry. 

dlie* de'sire* is tej she>w the* se'Vcral steps in this transfe>rmation. 

The earlier conditiems are slienm by figs. .‘U, 82, 88, and 89. Figs. 
81 and 82 are from mouse* 2o0, a o-henir stage'; fig. 88 from mouse 
2o8 (0 hoursj, anel fig. 89 from mouse' 99 anel pre'sumably represents 
the* ()-hour stage. These' four figure's show ve'ry di.stinctly the 
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variation^ with r(‘^ard to wliat is interpn‘ti‘(l to be the karvosomo. 
In fi^r. IV2 it is (‘itluT absent or r(‘presentO(l by the lar‘»;(‘ l)laek j;Tanule. 
In 31 th(‘ irr(‘!jular central mass provided witli a l)la(‘k ‘’ranuh' 
l)re>umably repr(‘scnts this ehMinait. In fu!;. 38 it is a lar^e irregular 
body, whil(‘ in liii:. 39 it is a larg(‘ oval (ka'ply staining granul(\ split 
nearly into two by a cleft. To sonn* e.\t(‘iit thes(‘ difTerenc(‘s ar<‘ 
dii(‘ to th(‘ techni(iU(‘ einploy(‘d, but in the main tluw rej)resent actual 
dillerrncr^ in the innri>hology of the parasite itself. 

Pa^'^ing now to inous(‘ 106, a 9-hour stage which yi(‘ld(‘d highly favor- 
abl(‘ mat (‘rial, we havi* figs. 10 and 11 (Plate 111). Fig. 41 is very much 
like fig. 39, (‘.\c(‘pt for th(‘ >taining reaction of tin* karyosome. Fig. 
40 i)(‘ar‘> a g(‘neral re-emblance to figs. 31, 32, and 38. It is th(‘refon‘ 
api)areiit that figs. 10 and 11 n‘present tli<‘ (‘arli(‘r of th<‘ stages 
j»res(*nt in mousi* 106 and hence the starting point from which a 
number of the>e hav(‘ arisen. For the parasites in a 9-hour mousi* 
may have* been in tin* C(‘l!s anywh(*n* from a V(‘ry short time up to 
p(*rhaps S lioiirs. llenc(‘, in ])assing from mouse' 99, 2o0, or 2.13 to 
mouse 106, it is not ii(*c(‘ssary and would, indc'cd, lx* a mistake to 
assnmi* that W(‘ had also pass(‘d over 3 or 4 lujiirs of time spent in 
d(*V(‘lopm(‘nt. The' jx'riod elapsing b(‘tw(‘en th(‘ inoculation and 
death of tin* mouse, at least as far as concerns the period^ up to 9 or 
10 hours, i's of ^'aln(‘ only as a high limit. A parasite' of ine»us«' 2.">3 
cannot l»e* more than 6 hours old; one of mouse 106 cannot be* men-e* 
than 9 hoiir<. anel this i> all that can be* stated with ab-olute cer- 
tainly. Ne*ve*rt lie‘le*>s, the* parasites of mou>e 106 will in ge*ne*ral be* 
e4ele*r than those e»f mouse* 2.13, even though the*y will in a imnibe*r of 
e*a-e> repre‘-ent the* same stage*s of d(*V(‘le)pment . It i> t he‘re*feire* 
j)ernii--ible to u^e* para-ite**- siie-h a*> are* shown in fig'«. .‘51, 32. 38. and 
39. a- well a> fig*-. 10 aiiel 41, in tracing the* late*r stage*" a" fouinl in 
moU"e* 10r>. 

It i" ea"V to pick out (‘oiiditioii" readily ele*rivable* from the*"e. 
Tlni", fig. 12 (npi>e*r cell) i" a good de*al like* lig. 41. Fig. 12, i^s :ibe» 
Very nmeh like fig. II, e*xce*j>t for the strip of lia«'|)hil chrom.it in 
whicle runs :ie*re)"" the* nue4e*U". Mg. 1 1 also di-play'* a general 
re"e*mblanc«’ to th«* earlier stage*", but ha" e|e‘Ve*loped a greale*r ejuan- 
tity of b.a"Ophil chromatin pre"e*nl in the* form of "catte*red gramile ". 
A "imilar "tate* of allairs is -ve*e*n in fig. 1.1, in which the* "ome*\\hat 
e|iiadr;mgiilar ma"" e>f acidoj)iiil e liroiiiat in .situate*e| in the* centre 
may re*prc"e*nt the karyo"e>mc. In figs. 16 and 17, we have* para"it'*" 
in whieh the ciiromatin is all ba"Ophil and o(*ciirs in a rather finely 
elivie|e*el "tate*. In the* ea"(* of the* two para"ites "liown in lig. 12. 
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\vhil(‘ th(‘V an^ not wliolly inilik(‘ morplioio^ically, tlu‘ chromatin of 
till' one is acidoplhl, of tli<‘ oiIkm* basophil, and tlic fact that the}' ii(‘ 
>id(* by >idc '^c(‘in< to pn*clud(* ascribiipu; this difi*t*rcnc(' to irn'^iilar 
action of tlu' stain. 

It Is to b(' obscrv('d that all of the chan«2;(\s not(‘d above* point toward 
the* production of finely divid(*d and highly baso])hil chromatin. 

As point(‘el out above*, in the early stages, a karyosome* may or 
may not be pn‘S(*nt. \\’he*n it is ])ri*scnt, its (*volution ap])(*ars to 
lake* jilae*e‘ a< follows: In ligs. 31, 3S. *40, 44, and 48 the* karyeisoinc 

i> compos(*el e)f acielo|)hil e*hromatin. associated with which are one 
or me>re ba>ophil granule*s. A karyose)me e>f the typv shown in 
fig>. 40 and 4S, e‘onsi>ting of a roiin(Ie*d acido]:)hil mass b(*aring several 
'‘harj)ly basophil granules, was cpiite* common. In fig. 47 th(*n* is a 
ring of basoj)hil granuh*>, anel figs. 46 and 40 show' somewhat similar 
])hene)ineim. \V(* ^eem here* te) be ele*aling W'ith the ceinversion of 
the* karyeeseime* from an aciele)])hil mass into a group of basophil 
granule*>. 

Ue'^uming the acce)unt e>f the* eveilutiou of the (*ntire* j)arasite, 
fig. 7)3, from me>use 120, shows two parasites lying side* by side. 
In the* iii)pe*r e)ne* the* ce*ntral boely appears to i;e])resent the karvose)ine, 
here* j)artly base)])hil anel j)artly acielophil. In adelition to this, the 
eergani-m contain.'^ seime* aciele)phil material of irregular form toge*ther 
with a number of basoj:)hil granules, some of w'hich are i)lac(*el at the 
])e*riphery. The le)we*r parasite shows a central basoj^hil mass and 
a number of basophil granule's exteneling out from it. The*se para- 
sites, from int. 8 e>f mouse* 120, shemld repre.sent later rather than 
e*arlie*r conditieuis, anel the*y e*an be derive*(l from w'hat is show’n in 
figs. 4."). 47, and 48. Thv lower of the tw'o, also, is verv much like 
fig. 40. 

It is always te> be* ke*pt in minel that we are cnelcavoring to trace 
the* ele*velopme'nt e>f a struedure* show’ing a typical nuclear net, anel 
elisplaying both ae*ieIophil anel basophil chromatin throughout its 
e-iitire* exte*nt tee eeiie* in whie*h all the* chromatin i)re*.^e*nt is int(*nsely 
base>phil and e)ce'urs as e*luste*r> e>f minute* granules around the ]:>e‘riph- 
ery e)f the* j)ara.site*. Iheeleegie-al ])rocesses ne*ver proce'e'd with mathe- 
matie*al pre*e*i-ie)n, and he*ne‘e* we* cannot look to find the*se* three* 
proce*s>e*s taking piae*e* .siele by side*. But it is entirely re*ase)nable te) 
assume* that if we- e*ejmparc any two parasites and finel erne* of them 
more* advance*el with re*fe*re*nce* te) e>ne or jnore* of the*se* tlire*e* con- 
elitieens that it repre*<e*nts tlie* late*r stage*. Thus the* le)wer ])arasite 
e»f fig. 42 is e)lele*r than tlie ujejee-r, anel the* same thing may be* said of 
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fi. 2 :. .jll. 4(). 47, .and 49 ropre.^ont lat(*r stag(\'< than fi«<- dO, 

44, and 4.*). On the other hand, in 44 and 48, while tlie (‘hroinatin 
i< in part in the form of >inall ha.'^ophil j»;rannl(‘.'>. the i)alance of it is 
aeidopliil. Hence, it would not be possibh^ to say whether these 
r(‘])re<(*nt older or younj^er stajics than th(‘ lower parasit(‘ of fi”. 42 
Aiiain, a> between fi.^s. 49 and oil, upper parasite, the chroinatin of 
the former is all basophil, while that of the latter is showiiyi^ a jrreater 
di"])(jsition to a>seinbl(‘ at th(' i)(*rii)liery. Thc^ (‘as(\s last given 
illu-trat<‘ the irregularity with which the evolution ])roce(*ds. 

Fig. o4 (Plate 1\') is from mous(‘ 120. It shows a parasite with an 
irregular central mass from which j^ndongations run toward the j)(‘- 
rij^hery. The staining r(*action i-^ partly basophil and j>artly acidophil. 
The ba.'^ophil substance ])artly in the form of granules and partly 
occur' as streaks and bands, but it is not ini])robable that these 
latter are com])o<(‘d of clos(*ly coni|)act('d granules, as is (‘vid<‘iitly 
the (ai'c, for in.'tama*, in tin* large aggn‘gation of fig. 49. 44ie 
(‘(‘iitral mas< as >hown in fig. .">4 could hav(‘ been derived from a karyo- 
>ome (»f the type shown in fig. 41. Finally, in addition to the central 
ma" .'liown here* (fig. 7>1). th<‘re are four inon' nr les' well-defined 
chi'ters of chrnmjitin granule, in two <»f which tin* granule' art' v<‘r>' 
minut(‘. 

Tli(‘ (M>ndition> >}iown in fig. o 1 ap|)ear to be folh»wi*<l by 1 ho>e 
'iiown in fig'. o7) an<l o(i. In these* latt(*r tln'n* a e*entral mas' 
'ending out prolongation' toward the p(*riphery, but the clu-omatin 
i' more* cejinplete'ly ba'e>j)hi! anel more* ceunph*t<*ly <e*|)arate*d into 
gramih*'. 'rh<*re* i' aUe) the* 'ame* le*nele*ne*y. at le*a't in fig. o.'), for 
tlie* granule*' te> be* di.'|) 0 'e*el in e*lu'b*rs. In the*'<* twe> para'ite" 
fig'. anel .’>r») the*re i' ve*ry little* achromatie* mate-rial re-maining. 
aiiel thi' i' ifi part only tin* fragme*nts eif the* iinin nelweerk. 'The' 
para'ite* 'heuMi in fig. 7>7 aj)pe*ar.' abee to be*long te> this >tage* e>f the* 
eVeelutieeli. 

'riie* ele-ve*le>pme*nt i' e*arrieel furt he*r in the* eirgani<ms 'houn in 
fig'. 7>s and olt. In the-'i- the* arrange*me*nt e>f the chreematin granule ' 
inte> aggre gate*' i' meue* eibvioti'. A e’eanpari'em eef fig'. 7>1 anel 7>.) 
with fig. o‘.t 'Ugge*'t' that at le*a't in .'eune* e*a'<*' (lie imuhis nnnh 
i' te»r the e-hrenuatin to a"ume* the* fe>rm e>f a ve*ry invgular ele*nelritie* 
ma" whie*li late*r bre*ak' up inte) 'inalle*r ma^'^e*'. 'r.hu<, in fig. .V.) 

.'i\ e*f the*'e* 'inall nia"e*' have* ;ilre*a<ly be*e*e)me* in<livieluali/eel, and 
eun* me)re* 'e*e*m' abe>eit tf» be*e*ome* fre*e. In fig. oS, altheaigh the* 
granule*' are* vi*r\ 'luall, eaily three* >ue*h inM"e*' h;»ve* lM*e*eime* 
inele pe*uele*nl. 
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'I'lu* .>l;o\vn iii \h^>. :iikI (> I mny In'lnn*; in th(‘ !il)ov(' 

fv(‘1f. Althouuih tlu‘ (viiU’al mnss of liu;. lil is hir^'or than that of 
tiij;. ot, its arraiu:(‘in(‘nt is not ^\lu)lly (liHVn'nt. Io^“. t)‘^, h()\vcv(*r, 
cannot very W(‘ll Ix' })lac(‘d. 

Fins. ()0 and til, from mons(‘ 170, ni^'<* •'^h|j,htly lat(‘r stages than 
htT''. 7>S and oO. At h'ast th(‘ central d(‘ndriti(‘ mass has disappt'ared 
and tlie chromatin is distril)nt(Ml 1 hrounlumt the ('ntirc' nncicais, 
eith(‘r in cln^tia-s or as separat(‘ grannh's. 1^'urt lu'rmori’, tlu're is a 
marked dis|>osition for tlu‘ chisti'rs to assnmt* a ]>eri]dieral ])osition, 
(‘s])(‘cially W(‘ll marked in h^'. (il. The smalha- size of the granular 
chist(‘rs in figs. 00 and (il tlian in figs. oS and 50 suggests that in 
tli(‘^(‘ Inst th(‘ chist(‘rs art‘ d(‘stined to sul)divid(‘ before' nnicliing a 
peripheral position, a stigge'stion sup])orted by what is seen in figs. 
(i2, (in. (it), and ()7. 

In figs. 00 and 01 all of the' chromatin which conld be se('ii l)y 
raising and lowt'Hng the focus was drawn, and henc(* .some of the 
chromatin apparently c(*ntral was actually ])eriph(‘ral. In fig. (i2, 
(Jiily an optical se'ction of the jxtrasite is drawn. Here evohition 
has r(*ach(‘d the stage where all of the chromatin is in the form of 
minut(* granules as.‘^(‘mbled in cliist(‘rs that lie around the periphery. 
It i'' to be noted. how(‘ver, tliat thew are irregularly placed. Tlu* 
next stag(‘ is shown in fig. 0(i. where tiie clusters have come to lie in 
regular ord(‘r around the' j)eriphery. Fig. 05 no doubt repres(‘iits 
th(* same' stage, but apitari'iitly shows only a part of the organism. 
In fig. 07 th(‘ clusters, which an' the future niicrogametes or their 
nuclei, have Ix'gun to solidify. The further steps in this proci'ss 
are --hown in figs. (iS, (if), and 70, the last showing that the nuch'i 
finally bi*com(‘ rounded solid balls of highly basojihil chromatin. 
Fig. 7J shows a condition int<‘rniediat(‘ l)('twe(‘n figs. 00 and 70. 

Fig. 52 (Plat(‘ HI) showsa ])arasit(‘ in which the chromatin is present 
in the form of ."olid balls mon' or h*ss strung tog(‘th(‘r. The form and 
solidity of th(‘ chromatin masses sugg(‘st the later stages such as 
an* pi(‘tur(*d in figs. 70 and 71, wh(‘reas th(‘ir arrang(*mi‘nt as W(‘ll as 
the c!ongat(‘d oval form of the jiarasiti' ri'calls earlier conditions. 
At time<, luiwcvcr, tin* jiarasitc* reaches tin* end of its dcwelopment 
whih* still n*taining this oval form (fig. 74, Plate* V). 

The final stage*^ of (Ik* evolution of the microgametocyte* are* 
giv(*n in figs. 72 to 70 (Plate* \'). In fig. 72 the* se)lid rounded el(*me*nts 
are* -re*n to in* e*longating, ainl this elongation is carri(*d further in the* 
e-a-e of fig. 7‘k Figs. 7 l to 7o portray I In* microgame*te*s. d'he}" always 
lie* on the ])f‘riphe*rv, anel fig. 7(i give*< the* as])e*ct as vie*weel in.e^ptical 
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section, whereas in the other two figures more than an optical section 
i- .-hown. Figs. 75 and 76 are the more typical; in fig. 74 the j^ara- 
site i> imusually small for this stage, hut is characteristic in showing 
very cl(‘arly the arrangement of the microgametes around the 
periphery. 

Th(* fully evolved male element or microgametoeyte is a roundiHl 
or oval hod>’, showing a stringy or amorphous residual mass and a 
serie- nf microgametes disposed around tlu‘ })erii)herv. These' latter 
are liodies about 2 to 2.5 microns long, broader at one end than the 
oth(‘r and apparently compos(‘d wholly of intemsely basophil chro- 
matin. This i^ at li‘a>t thi'ir ai)p<‘arance in sectioned material, it 
i- not impossible that in life, or in matt'rial otherwise* prepared, 
thew may show mon* than is here (‘videiit. Analogy would h‘ad u> 
to •'Uspect the* e‘xist(‘nce* e>f llageTa. 

Thi-- stage is ai)pare*ntly of she)rt elunition. Mouse* 152, kille*d 
IS hours after fe*eMling. was he*avily |)arasitizeel, but the* e*xact stage 
sheoMi in fig. 75 wa*' e*omparative*ly scarce*. This, he)we*ver. is much 
a- might be exi)(*ct(*d. TUc presiimi)tion is that the* mie*re)game*te*s 
ai*e* motile* el(‘me*nts, ami e)m*e lhe*y arc* fully rij)e* they ele)iibtle*ss 
e|uickly abandeui the* situatie>n in which the*y e*ve)lve*el, ami withe)iit 
them the* re*''ieliuim we)ulel se*are*e*ly be re*ce)gnizablc*. 

in numbe*!* the*y vary, feille)wing the* cenmts maele*, frenn Id te> 17. 
.\lleewing be)th feir an ae*lual variatie)u ;md for the* j)rae*tie*al elifiiciilt ie*s 
in making an ace-urate* ele*te*rminat ion, the* supjieesit ieeii is plausible* 
that the* typie*al nmnbe*r is sixte*e*n. It is a familiar bio!e)gie*al 
phe*mMiiem)n that in those* ca^e*s whe*re* the* nnmbe*i* of e*leme*nts 
ultimate*ly pre)elue*e*d is .some* j)e)We*r eif twee, we* :ire* ele*alilig with the* 
result' e)f the* le*pe*ate*el efivisieui of seeim* eilie* original e*Ie*im*nt. hi 
thi'' e*a-»‘, howe*ve*r, the* e nd ai>pe*ars to be* attaine*el in a le*ss re*gular 
mamie*r. 

In the* ele*--e*ript iein e)f the* late*!’ stage*s e)f the* e-Veihitieili e)f the* male* 
e*le*mcnt, re*fe*re*n(*e* was e-euitim-el tei the* e-eiiielit ie)ii^ as feiiiml in mie*e* 
106, 120, 1.52, ami 179, re*spre*(ive*ly, 9. lOl anel 17, IS ami 161 he)iii*s. 
4'he* fir^l lhn*e*of the*v(*gave* partie-nlarly favorable* male*rial. .-ill e>f the*m 
be*imr he*:-vily para-'it ize*el ami mine* slmwing mue*li ele•‘^t me*t ieui of 
the* e*e*lh. 4'he* e*e»mlil ioiis >e*en he*n*. howe*ve*r, we*re* elnplie*ate*el in 
e)th«*r mie*e*. 'rhu", Xo>. 1 l-h 152. anel 155, all e*ithe*r S\- eii* 9-heuir 
jieTieeeh, ^he>we*d many eif the* same* stage*s as we*re* se*e*n in ineMiNi* lOih 
while* the* late*r stage**^ in the e*ve»hitie)n e>f the* mie*rogame*te*s wrre* ^e-m 
in mie e* 121, 175, 177, I7S, ISO. ami 1S2, re*|)re*"e*ni ing pe-rienh Janging 
frenn 10\ te> IS he>urs. 
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Th( F(ffi(ilt, It lui< nlivnJy Ixmmi siiown that th<‘ f(’mal(‘, in tlu* 
o- and (i-liour mirr. is an ova! (*('11 with rath(*r ronij)a(‘t cytoiilasin 
and a V(‘-«ii*ular niichais with a Iarji;r criitrai liody, tiio karyusonio. 
It i^ ilhistratrd in fiu:s. to The nnclrar stmrtuiv is coin- 

parativ(‘iy .'<inipl(‘ and is portray(‘d w(‘ll (Mionj^h hy tiu' Tiu' 

nii(‘l(*ar in(‘inl)raii(‘ is usually (‘Irar (ait, and tluav is always prrsrnt 
a lariii' karyosoint' whi(‘h takers tlio acid rather than the hasie .stain. 
1'h(' karyos()in(‘ fnapiently lias associated witli it one or inun* sharj)ly 
hasojihi! granule's, and may or may not show strands extending; out 
toward the nuchair nuaniiraiu*. 

It is difliiaiit, how(‘Ver, to show the cytoplasm as it actually occurs, 
and in th(' main this has heim done in th(‘ figures in a purel}' conven- 
tional manner. Its fundamental structure apjiears to he alveolar 
with th(‘ alv(‘ol(‘s (piitc' small and frequently tending to bo variahl(‘ 
in siz(‘. The jiicture, howi'Ver, is greatly eonfuscd by the fact that 
in geii(*ral lioth spongioplasm and hyaloplasm .stain with much the 
'‘ame degn'c of intensity and both have a rather high affinity for 
plasma stains. Figs. 3.“), 77, 78, and SI are attempts to show the 
conditions as they actually occur. In fig. 35 (Plate II) the alveolar 
structure is evident, although somewhat ob.scured, while it is -seen 
much mor(‘ clearly in fig. 8 1 (Plate V). Para.sites in which the alveolar 
structure was as obvious as in fig. 81 could be found, but they were 
ran*. Figs. 34, 77, and 78 show tin* cytoplasm to con.sist of an aggrega- 
tion of jioorly d(‘fined rounded bodies lying in a paler matrix. This was 
a frequent appearance. The black granules .s(*(*n in .some of the figures 
represCiit the black granuk's usually to be seen in material .stained 
with iron laemato.xylin. Frequently, also, the eytojilasm is vacuolated. 

Th(* g(*iHTal appearance here described does not undergo any great 
change. Thus, figs. 28 (mous(‘247) and 79 (mouse 113), re.spectively 
4- and 9-hour stag(*s, an* much alike, as are figs. 77 and 78, re.spect- 
ively. from (i- and 9-hour mice. 

Then* is, how(*ver, one ph(*nom(*non pn's(*nted which appears to 
i)(* of intf*rest. Om* phase* of this is shown in figs. 81 and 82. In 
(*ach of these the* nucle*us pn‘s(*nts somewhat the appearance of a 
wh(*el. Then* is in ea(‘h case* a c(*ntral acidophil karyosome which 
-('iid^ out strands to the* periphe*ry. Around the peripher}^ an* a 
nunib(*r of basophil granules. This coneiition was nejt at all infrequent 
and api)ean*d to be espe‘cial!y charact(*ristic of the* intermediate* 
p<*rie)dN of 9 e>r 10 liejurs. It wa^^, however, s(*e*n in mouse 77, a 
15-hour stage. W'e* also have* tlie coneiition illustrat(*el in fig. 83, 
wlie*re' there i^ ^ejiiie ljaso])hil mat (‘rial outside* of the* nucleus. 
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The appearaiice.s sii 2 ;»;est maturation, a suggestion whicli i'^ 
str(‘ngtlicn(‘(l by wliat is seen in figs. 84 to 87. In thest‘ the nueleiis 
is tile typical vesicle with its ecaitral karyosonie, while tip* eytoj)lasni 
is mor(‘ or l(*ss lilpTally provided with sharply staining granuh's. 
It >(‘em> permissible to suppose that we ai*(‘ here dealing with latrr 
>tagcs in which the rejected chromatin has jiassed out into the cyto- 
])la-m. 

Ib*rc it is apparently absorbed, siii(*e tlu‘ fully mature macrogamet(‘ 
>how> no indications of it. This phas(‘ of tiie life history of N. muri,s 
is protray<‘d by figs. 88 to UI, from mic(‘ 120, 147), and 17>2. The 
>econd of th(‘sc was killed 11] hours aft(‘r inoculation, and hence the 
macrogamete may r(*ach the end of its d(‘Vclo|)inent within this 
period of tim<‘. 

Fektilization. 

The earlier stages of th(‘ j)arasite an* jiassed while* within a cylinder 
cell of the inti'stinal epithelium in its proper plaea* in the (‘pithelial 
row. Th(‘ parasite*, howe*ve*r, has a eI(‘lc*t(*rious infhu*nc(‘ em the* e*e*ll 
it invaele*s and ap]>arently always de^stroys it in the* e*nel. It woulel 
the*n neee*ssarily follow that the re*mnant of the* ee*ll, witli its enn- 
taine*el jiarasite*, would, by pre*ssure*, be* thrust out of its ])laee* in the* 
e‘pithe*lial re>w. In so far as the* me*e*hanie's of the* i)re)e*e*ss are* e*e)n- 
e*e*riie*el. there* eloe*s not se‘cm to b«* any e-heacc* as te> whe*the*r the* ele*a<l 
ce*ll weiulel be jiushed out intei the hime*n eir be*ne*ath the* re>w into the* 
‘'ilbe*pithe*lial tissue*. It le)e)ks as the)Ugh e»ne* ce>ntingene*y weuilel be* 
aN like*ly te> oe*cur as the* e>the*r. 

Xe-verthe‘less, as early as 0 he>nrs, but meire part ie*ularly late*r. a 
e*e)ii^ideral)le* nnmbe*r of the* parasite's are* to be* feiiinel be*ne*ath the* 
e*pitlie*liuin. This is more* jiartieailarly the* e-ase* with the* inae*rey- 
game*te*s, whie-h is fiirlh(*r in ae‘e‘e>rel with the* pre»babilitie*s. I'np the* 
macre)game*tocyte* is a rathe*r e*e)mpae*t, seiliel-leieyking e*|e*me*nt anel 
pre*siimal)ly will re*tain it> in(e*grity e*ve*n tlmngh sul>je*e*te*el te> nie*e*hani’ 
cal >tre*^^. On the* e*emtrarv. the* mie*re)game*teM*yte*. tin* bulk eyf whie*h 
i^ obvieaisly me*re‘ly e|e*e*aele*nt re*>ie|nal niatte*r, woulel pre*>umalel> 
reaelily yie*M ami bre*ak up if ae*te*e| u|>e>n by |)re*>.-ure*. 

Ile*n* anel the*re* in the* e*pil lie-liuni a ripe* male* e*e*ll eM*e*nrN in \\liie*h 
the* mie*re)gaiiie*te*s aj)])e*ar te> be* Ntre*aming eyiit intey tin* -ul>e*pit he*lial 
ti'^'iie*. Ooiielitieeiis >iie*h a^' the*'«e‘ may. e>f e*e»ur'<e*, be* in! e rpr«*t e*d in 
twe) way>: the* mie*re)game*te*s may have* re*ae*he*d (ln*ir jylae'e^. 

be*m*alh the* e*pithe*lium e*itheT ae live*ly e>r p;i^>ive*ly. An e \aminatie»n 
e)f fi.\e*el mate-rial e*le*arly she-d*- im light eyn -urli a (jue*^lie)n, but anale»g\ 
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favors tli(* vi(‘\v tliat Midi a moviaiKail is tli(‘ n'sult of an aetual 
motility of iho mitTo^aiiK'tcs tlicmsc'lvos. It may also that in 
Iif(‘ the ma<Tu»;am('t(‘s an* anKi'lioid and ^ain tlioir sulx'pithdial 
situation throudi tlioir own motility, but hero the iirobabilitic's arc 
the other way. Analoi^y is not in favor of a belief that the macro- 
iramete is motil(‘, nor do the maero‘;*a metes ever sliow aimeboid 
ontlin(*s in th(‘ fixc'd material. 

As to the actual situation of th(* jxirasites which occur beneath 
the epitlielium, the fixed material do(‘s not give wholly conclusive 
evid(‘uce. Th(‘y ajijx‘ar, however, to occur ratlua* between the* iTnv 
of cells and th(‘ stroma than in th<‘ stroma itself. 

thus have obvious male' (‘lenumts and olivious female elements 
occurring Ixmeath the row of ejiit helium cells. The production of 
male and hanale e(‘lls nec(*ssarily involves their union, and the 
envin^niiKait in v hi(*h they botli occur offers no obstacle to sucli a 
procedim*. It is evidcait that the proper demonstration of such a 
])roc(‘ss should Ix^ mad(' ipion living material, sinc(‘, in a situation 
such as has been indicated, the identification of a minute fragment 
of highly baso])hil matter as a inierogamete is largely a matter of 
giies— work. It is (‘asy enough to identify the tliread-lik(‘ bodies 
of figs. 7o or 7() as microgam(‘t(‘s, since here their relationships Vvdth 
their surroundings can lx‘ established. But it is clear that an isolated 
mieroaami'te cannot Ix' identified when it occurs in a region jire- 
s(mting such a eonfiiscxl picture as does the subepithelial tissue of 
the mammalian int(‘stine. 

XevertluT^ss, wlum tlu‘ macrogametes as they occurred in th(‘ 
subepithelial tissues of mouse 152 w*(‘re studied, it was possible to 
scparat(‘ them into two eat(‘gories. A certain number were as 
figs. 8S to (Jth(‘rs W(‘r(‘ as fig. 93. These differ only that in the 
latter there was ])reM‘nt in the cytoplasm a sharply ba.sophil bod 3 ^ 
Also, conditions such as are illu.strated in fig. 92 were found, where 
two (‘longatc(l slian^l}' basophil bodies are seen either lying ujion or 
])artly within the cytoplasm of a macrogamete. Tn coiLsideration 
of the fact that it is axiomatic that the d(‘V(‘lopment of males and 
females involv(‘s hTtilization, the indirect evidence hen* offered as 
to th(* actuality of the jirocess seems satisfactory. Fig. 92 shows 
two supposed microgametes associated witli the maerogamet(', but 
it i> .-af(* to eonelude that only one tvould have been successful in 
etTeeting uni<jn. 

The thn*e c(‘lls shown in fig. 03 have somewhat irregular outlines, 
this lx‘ing the condition as founfl. Assuming that this is not an 
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artifact, it indicates that they are in no sense encysted, but are 
rather naked ma.ss<‘s of cytoplasm. This irregularity of outline, 
however, is not nt^^essarily as.^ociated with the supposed fertilization, 
since many of the macroftametes which showed the conspicuous 
chromatin body had maintain(‘(l their smooth and regularly curved 
contours. 

]3i.s(T'.SSION. 

If the evolution of the macro- and mieroji:ametocyt(*s of N. 
as outlined above*, be compared with that of Coccidium srJwInrcji, a< 
workinl out by Schandinn (1900) it will lx* s(*en that lh(*r(* is a V(*ry 
close* n*si*mblan(‘(*. Tims, in both, the chromatin of the* miero- 
I^ainetoe^'te b(*coines (livi(l(*d into very small jiarticles whicli collect 
in ma.sses at th(' periphery and th(*re cond<*n.s(* to form the* micre^- 
{^iunetes. This mode of division is ele*si^nat(*el by Minehin (1912) 
as ehroinidial fraj;me*ntation, the minute* granules the*mse*lve*s be*ine: 
the* familiar ehromielia. Similarly, in both the* sare*e)sporidian and 
the cof‘cidian. the* nucle*us e>f the* maero^^am(*toe‘Vte* elischari;e*s chro- 
matic <^ranule*s inte) the* cytoplasm whe*re* the*y are* apj)are*ntly 
abse)rl xxl. 

On the other hanel, the*re* are* many marke*d difi’e*re*ne*e*s. In the* 
first place, in S. wnris the* male* e*e*ll le)se*s me)st if ne>t !ill of its e*yte)- 
plasm, the* formation of the* mieTe)^arne*te*s taking plae*e* in what is 
inorphejlop^ie*ally the nue*leus. lie nee*, the*re* is ne>t only ne> ineTe*a>e* 
ill size ejf the* parasite* afte*r it jjjains an e*ntrance* into a heist e*e*Il, but 
ae-tually a loss of substance*. It is .se)me*what the* same* with the* 
fe*inale cell whie*h, while it ^idns in bulk, eIoe*s .so to a rathe*r limite*el 
e*xte*nt. 9'his is in marke*el e*e)Utrast to the* phe*ne)ine*na elisplaye*el by 
Coccidinm .schuheryi, in whie*h the* mae*ro- and mie*re)^ame*te)e*yte*s are* 
many time*s bulkie*r than the* me*re)ze)ite*.s from which the*y teieik eirii^in. 

The* .sare‘e)spe>rielian runs ihreiuKh its se*xual ele*ve*le>pme*nt within 
from 9 te> IS hours, while* juel^in^ freun the* elata j>;ive*n by Se*haudinn 
(p. 217), the* e*oe*e*ielian re*(juire*s about two elays. 

The* re*se*mblane*e*s aiiel elin'ere*ne*e*s be*twe*e*n the*se* twei para>ilie* 
Preiteizoa are* he*re* me*re‘Iy pointe*eI e>ul. d'he* re*.se*mblane*e*s are* 
e*e*rtainly \e*r}' strikintjc, but it .se*e*ms pre-inature* tei assign any >ij;nili- 
canee* tei lhe*m. It is e‘e)iie*e*ivable that the*y inelieate* a ^e*ne’tie* re*la- 
tionship be*twe*e*n the* Sarceispeirie lia anel ( \)e*e*ielia, but it is ju^t as 
like*ly tlnet we* are* eie*aliuK with phe*ne)ine*na bre>aele*r than tlmv(‘ 
.-uitJible* for e*emne*e*tint^ ^remps e>f the* value* eif the* ( ‘e)e*e ie|ia anel 
Sarcosporielia. The* ]>re)ble*m is eme* that re*epiire*s more* cviele’iie-e* 
be*fe>re‘ any far-re*aehin^ e*one*hi^ie)iis are* warrante*el. 

3 
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Som(^ of the f('atur(‘< prexaitc'd l)V the lA'olntion of S, mim'.s, 
lio\v(‘ver, wlu'ii considcM'ed wholly hy tlnaiiselves, ai*(‘ worth}" of 
attention. 0n(‘ of the most strikinj^ of tlies(^ is the loss of cytoplasm 
di>played l)v tlu' mi(To.i!:ametocyt(‘. So far as 1 am aware, no other 
}>rotozoan display.^ a mo(K‘ of deviJopiiuait at all like this. Yet it 
i< perha])s not so dillenait from the usual ]>roc(‘dur(* as it may at 
first s(n‘in. In all ca.s(‘s of th(' e^'cJution of mierojJ!;amet(\s in Sporozoa 
th<‘ eytoplasm is lariz;('ly or wholly inert. Thus, in the ease used for 
com])arison, that of ('occi<liiim schuhcnji, the nuclear iiKanbrane 
dissolves and the ehromidia eo!l(‘ct in tlu‘ eytoplasm where they 
ev(‘iitually produce th(‘ microgametes. J^ut there is nothing to 
show that th(‘ eytoi)lasin tak(‘s any active part in this development. 
It may function nu'nJy as a mechanical su|)])ort for the inicro- 
gain(‘t('s. Furtlua’inon*. at tlu‘ (aid of development the inicn^ganictes 
abandon tlu‘ (‘yto]ilasmic mass, which is merely l(Tt b(‘hind. 

This. ind(‘(‘d, is g(*n(‘rally tru(\ Throughout tlu‘ emtire group of 
th(* S]iorozoa the fully d(‘velo])cd nneu'ogainetocyte consists of a 
number of microgamet(‘s associatecl with a residuum that rejiresents 
unus(‘d cytoplasm. This n'siduum is always abandom'd, and, so 
far as it is ])ossibl(‘ to secs it is always about (‘qual in bulk to tiuit of 
th(* original cytoplasmic mass. It may tlierefore be sugg(\sted that 
in the ca.<e of N. muris, the discarding of the cyto])lasin merely tak('s 
])lac(‘ b(‘fore th(' micnjgametes are (kweloiKal insUaid of aftcTward. 

Tli(‘ next ])eculiarity is the fact that there is either only a slight 
gain of sulistanee, as in the f(‘inal(‘s, or an actual loss, as in the males.- 
This is ]:>rol)ably eornJatcMl with the sjieed with which the develo])- 
m(‘nt is (‘fT(‘cted. In gcaierah parasitic Protozoa that live in cells 
(‘iit(T thes(‘ cells as V(*r\' minute bodi(\s which inciTase in size for a 
longer or sh(jrter period, growing at tlu' (‘xpc'use of tlie cell, and it is 
only after thew have reached a certain size that they divide. That 
i-, the host cells an* the dwelling ])laces of these parasites. 

But in th(‘ case of S. t/niris in the intestinal epitluJium of the 
mouse, the host cell ap])ears to be* us(‘d incTcly as a temporary lodging 
])lac(‘. The parasit(‘s, although tlu‘y appear usually to destroy the 
c(‘lls they invade, do not s(*em to f(*(‘d upon them. Xo sooner do 
th(*y coMK* to n*st than they proec(‘d forthwith to ('volvc* into the 
mature sexual stag(‘s, which an* j)roduced within 18 hours or less. 
It is a])])an*nt that th(‘ so-called sj)oni ])ossesses enough energy" at 
the outset to carry on this development, and it seems much more 
plausible to look u])on the granul(*s which the spores contain as 
K re^(‘rve food than as tlu* so-called sarcocystin. 
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^ly studios do not extend beyond the formation of th(‘ zygote. 
In mice killed one to two days after feeding, oval cells resembling 
the zygotes, i:>ut larger, are quite frequent. These are most abundant 
in the villi beneath the epitiielial row, but they also occur in the cells 
and occasionally free in the lumen. 1du‘ir ultimate fate has not 
been followed, but i‘>dmanu (1914) describes what s<‘enis to be 
schizogony in tlu^ cells and subepitiielial tissii(‘s of mice killed sev(‘ral 
days after f(*eding, and it is not at all iinlik(‘Iy that the oval i)odies 
mentioned above are schizonts. 

One fact staneb out clearly: th(‘ banana-shai)(‘d body of the Sar- 
cosporidia is not a ."j)ore. 'Hiere was ii(‘Ver any reason to suppose 
that it was, even though tiiis misleading d<*>ignation has been ustal 
exclusively in the literatim' iluring recent yi'ars. l.alibe (1S99) 
(h'signatcd it a> a >|)orozoite, which, in view of its form, is far more 
plausibh', and may indei'd Ix' a coi-rect designation, so far as it is 
allowalile to apply terms bas(>d on tlu' conditii^ns in the T(*losporidia 
to stages of Sarcos])oridia. For if th(‘ oval i>odi(‘s occurring in om‘- 
aiid two-day mic(» give i“i>c to the >chizonts di'scribed by I’rdmann, 
and if th(' jirodiicts of thi< schizogony give' origin to tin* familiar 
inuscle (*yst<, then a]>parently th(‘ i)anana-sljapc(l body i> in some 
resj>eets at lea^t tln’ analogue of tlie coccidian sporozoite. 

As against this intcrpri'tation is th(‘ fa<*t that in (’occidia, where 
there is both scliizogony and .sporogony, the sporonts an* derived 
from merozoitcs. 1'his would suggest that th(* banaiia-sha])(‘d 
s[ircosporidian element i> a m(*rozoite. ( )bvioiis|y, how(*V(*r, the 
evi<lcnc»‘ at hand is not siij|ici«‘nt to warrant a conclusion. Accord- 
ingly, it has i)cen considen*d best to follow recent ciHtom and t(> 
n*tain the term sj)ore, d(*spite tlie fact that it is incorrect, for it is 
belirved that this pro(‘edim* i^ les^ confusing tlian to adopt a 
dilTcrent designation which future diseo\'erv might show t<^ be 
e(|ually incorrect. 

Summary. 

(1) 4'he spores of Sarrortfstis nturis, ingested by :i moiisi*, may 
reach the ]>osterior part of the small intestim* within one hour. 

(2) Invasion of tlie epithelium cells of tie* intestim* may also take 
j)lace within the same time. 

(!i) rpon reaching the lumen of tin* intestine^ t|ir spore rapidly 
undergoes changes, 4'1 m* nucleus bccoim's larger and more con- 
spi(‘Uoiis, ami a distinct nuclear net becf)ines eviilent. 'rite granules 
1 ‘haracterist ic of the spore as it occurs in the cyst either disappear 
or be(‘(»m(* much less eviilent. k'urther (‘hanges, hoW(*ver, dn not 
take place miles- the spore gains an int racc'llular situation. 
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(4) The sporos an* sexually (lilTc^nMitiatc'd, ))iit it does not app(*ar 
to be possible, at the outsc't, to distinj^uisli Ix'twec'ii th(' nial(*s and 
f ('males. 

(o) Within tlu' mons(' c(4ls the' ehani 2 ;(‘s under^oiK' by th(' male's, 
or mi(*roi^amet()(‘ytes, bi'gin to l>e evident at the end of li to 2 hours. 

{()) Th(‘se ehan<i;es are, first, a flirt h(‘r ineri'ase in tlie size of the • 
nuelcus a(‘eomj)ani(Ml l)y a further dev(‘lo])inent of tlie nuclear net, 
and, second, deiiem'ration and ultimate' disa|)|)(‘aranco of tlie' cyto- 
plasm. The cedi contours ben'orne rou»h anel irregular, vacuolization 
occurs, the cytoplasm be'comes re'eluce'd te> two masses of de'bris 
lying at the enels of tlie nucleus. The'se finally disajipe'ar, the e'ntire 
l^rocess usually be*ing complete'el at the end of b hours. The micro- 
gainctocyte is thus re'eluce'el to its original nuedeus, which, however, 
is of approximately the same size as the original spore. 

(7) Conspicuous internal changes ne'.xt take place, which modify 
both the morphology and ehe'mistry of the parasite. They may be 
considered under three headings, but they all take place more or less 
simultaneously. 

(а) The chromatin appears to suffer a loss in actual bulk, but 
alters in .staining reatdion from acidoj)hil to basophil. 

(б) From occurring in large irregular masses or distributed along 
the threads of the linin net in strips or bands,’ the chromatin is 
reduced to granules which become progressively smaller and smaller 
and at the same time display a greater and greater affinity for eliro- 
matin .stains. 

[c) The.se granules finally assemble in clusters around the peri])hery 
of the organism. 

(8) The next step is the .solidification of these granular clu.sters 
into rounded, solid balls. Tlie.se balls next elongate and become 
minute, thread-like bodies, which are the microgametes. This stage 
may be found in mice killed from 9 to 18 hours after inoculation. 

It is very rare in the shorter of these two periods, but has apparently 
pa.ssed its acme at the end of 18 hours. 

(9) The females go through with their development side by side 
with the males, but there are no such conspicuous changes and the 
early female .stages are much like the spore wiiich has just enti'H'd 
the cell. 

(10) In the coursf' of a few” hours, however, the females can be 
picked out, appearing as broadly oval cells, relatively shorter and 
broader than the original .spores. The cytopla.sm is all retained and 
assumes a rather den.se alv(*olar texture. The nucleus show's no 



1916.] 



NATURAL 6CTENCK.S OF PHILADELPHIA. 



37 



evident inerea.'^e in size*. The nuclear net doe.s not develop as it doe.-' 
ill the male })arasite, hut the chromatin concentrates into a single 
large karyosoine which maintains an acidoi)hil rather than a basophil 
.staining reaction. 

(11) In the 6- to 15-hour p(‘riods, phenomena are .^<000 whieh seem 
best inter])n‘ted by regarding them as maturation. Irregular 
chromatin granul(‘s appear in clo.<e association with the nuclear 
membrane. Lat(‘r these granules pass out into the cytoplasm, and 
finally disappi^ar. 

(12) The matun' frmale, or macrogaiin*te, may be found in mice 
kilh*d from II to IS hours after inoculation. 

(13) Finally, in tlu‘ 18-hour stages, ina(*rogani(‘t(‘s may be found 
which in souk* cases show minute, thread-like bodies upon tlu‘ir 
surfacfs. and in otIuTs (‘ontain within th(‘ir substances small .solid 
chromatic bodii's, om‘ in each case. These aj^pearanct's are regarded 
a" warranting the interpretation that fertilization takes plac(‘. 

Mxpla.nation of Plates I, II, III, I\', V. 

Tim ()rininal limir<*s were hy tln‘ author aiul latiT ro|)ir<l in ink hy Mr. 

liaiiu*", arli.'^t of tin* lhin»aii of Animal Industry. Tln‘ urnatcr nuiuhiM- aro 
from <*amrni outlines, iinulo on the* tal)l(‘ with a ‘J mm. a|)orhromat ic ohjrctiv«‘ 
;iinl No. is (*yc|)i(‘(M*. d'his nictliod yi«*lds a matiinTinat ion of ahout d..V^() diann*- 
tiT<. 'I'ln* rcintiiniuK drawings an* freo-hand .skctchrs of approxiinatc-ly tlw.sanic 
^•nlarln•m^•nt . In roprodmM if)u, tlm drawin^^s have Lccn n'ducod in the ratio 
of .'i t«i 2, and henrr arc ahout ‘J.lk')!) times harder than the obje< ts theujseh'(*s. 

In order to show the relat ionslups hetwc(‘n tin* jiarasitr.s and tlx* rell<, the 
latter have in some eases been drawn in «mtliii(*. It was not, liow<‘ver, <*onsider<'d 
neee'.'.ary to do thi- throiinhout. 

PhVTK 1. I’ijj, 1. Uamera outline, t liemsa staiti. .'Spores taken directly from 
a ey.nt . The eytoj»la.''m stains a d<M»se him*; the nucleus is a reddi.sh \a*sicle 
witli little or no internal .‘'trueturi*. 'I’he sjjores an‘ broader at one end 
t h.in t he otiier, 

I’iu. (‘amera outline, 'riiionin and acid fiichsin. Mou'-e ‘J|s, *J hour>, 

int. Rt). .-Npore free in lumen, (‘ell outlines clear cut; a jieiiplast present; 
cyti»|>lasni shows no siKii-i of dej'enenicy. 'I'he lundeu-; shows a nuclear 
net ;md is somewhat eidarj^ed, cansinn the cell edi»;es to buliii*. 

I i«. d (';iiner.'i outline, Delaticdd and acid fuchsin. Mouse ‘J.')!, Ij hours, 
int. P. ( ’vtopl.a.-'in slightly dc-^enerati‘, but staining deejily. Nucleus 
erdarj:«‘d, af)out to eau^e bnl^jinu of th(‘ sides (»f the cell and showing a central 
mass i«»m<s| to the nuclear nunibrane with stramls. 
l i^. I ('ainera fintline. l)el.alie|d and .acid fmdisin. Mouse ‘J.'I, 1} hours, 

int. P. (’yto|)Iasm cl<aise ;ind staining deejiIy. Xueleus lailar^^ed, with 

tin* central nia.ss sejiar.ated into jjrunules. 

I uc. (‘amera outline. Del.alield. Moum* 2IS, *J hours, int. ‘ 27 . (‘ytoplasin 
ileuso witli oec.a'-ion.al rde.ar s|)acev. Nucleus not ladar^ed. (‘hrom.atin in 
the form of small granules distributed throughout, the net. 

I'iir. i». (’amera outlim*. 'rhionin anci aci<l fuchsin, .Mouse 'JIS, 2 hours, 

int. ’it), (’ytopla.sni very s<ilid. staining deeply with the thionin and showiim 
no signs of degiaier.acy. Nucleus i.s a vacuole which stains more or less 
hoinogeiuHaisIy, apparently due to tin* fa»‘t that the nuclear s,ap has .st.aim-d 
a.s well a.s the nuclear net and thus the latti*r is obsnirerl. 'Phis is a freijuent 
appe.ar.ance, es|M'ci.alIv in p.ar.asit*^^ free in tlx* lumen. 
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I'ij:. 7. C’amora oiitliiio. Di'InHclJ. Mons<‘ 'JIS, *2 hours, int. la. JVpical 
early inal»' form. Xucliais greatly enlarged; (‘y|(»j>lasm nvliica'd to two 
>»‘l)aratc masses, on<‘ at eaeh <‘ml of the ]>arasit<‘. \ueh\ar net JistiiK't. 

FlV^ S.-C’ '.amera niitliii(\ 'riiioniii and aeid fnehsin. Mouse 2 IS, 2 hours, 
int. ilO. K.arly mah‘ st:i|i<’. Cytoplasm )>ef:iimint>: to show irn',i!;ular out- 
lines and to heeoMK' vacuolated. Nucleus not j^n'atly enlarnod, luit otluM wi.se 
tyj)ical. 

I'i^:. D. C’amera outline, d'hionin and acid fiichsin. Mouse24S, 2 hours, int.llt). 
I'^arly mal<‘ stable. Shows very clearly the dc^(*neration of the cylo])lasiu, 
evi<lenced by the rotif^h outlines ami vacuolization. Nucleus »‘nlar^^(Ml, witli 
a distinct nuclear net. 

I'iji. It). — C’amera outline, d'hionin and acid fmdisin. Mousc24S, 2 hours, int. .'50. 
Karb- male static. C'ytopl.isin (lcp‘ii(*rate. Nuchais «4on^at(‘d traiisv(‘rsely, 
a fre(ju(‘iit appe.ar.ance in the early staji<*s. Nuchair net .showin^^ a sint^h' 
larm* c<*ntral mass, in which is a vacuity. 

11. — Camera outline. Thioniii and acid fuchsin. Mouse 248, 2 hours, 
int. ,'50. Karly stai^e of male. Cytoplasm rcdueed in amount and depjf'nerate 
in .appearance. Nindeus j^naitly enlarpal with a central ai^f::re^ation dilTcren- 
tiated into an acidophil lua.ss beset with basophil granules. 

I'ii:. 12. — Fret'-Iiand drawin«»:. Thionin and (“osin. Mouse 248, 2 luairs, int. 80. 
Farly male. Shows a m(‘thod of d(‘(^en(‘ration of the eytoj)lasni fietiuentl}' 
observ(*d. I'he eytoplasm consists of a mimbta* of basoj)hil ina.sse.s lyint^ 
in a faintly staininjx matrix. 4'he nucleus was typical. 

Fig. 1.3. Free-hand «lrawing. Thionin and eosin. Mt)u.se 248, 2 hours, int. 30. 
Farly male stage. Shows mode of degeneration of cyto])lasm, which at oru' 
end of the j)arasit<' is broken uj) into a mass of basoj)hil lum])s, appareittlj’ 
lying free in the host tis.sm*. The nucleus was typical. 

Fig. 14. — Camera outline. 4'hionin and eo.sin. Mou.se 248, 2 hour.s, int. 30. 
Farly male stage, probably slightly earlier than the form shown in fig. 13. 
The cytoplasm has .separat('d into a number of denser mus.ses, taking the 
thionin, which lie in an almost achromatic ground substance. The nucleus 
is tyj)ical. 

Fig. l.">. — Camera outline. Wright’s stain. Mouse 12.5, 2 to 2| hours. Early 
male stage, showing nuclear enlarg(‘inent. 

Fig. 10.— ’Camera outline. Wright’s .stain and eosin. Mouse 125, 2 to hours. 
Farly male stage. 

F^.\te II. — Fig. 17. — Camera outline. AWight’s stain and eosin. blouse 125, 

2 to 2i hours. Farly male stage. Cytoplasm greatly reduec'd and degener- 
ate. Nucleus much enlarged with a very distinct nuel(*ar net. 

Fig. 18. — Camera mitline. Tliionin and acid fuchsin. Mou.se 249, 3 hours, 
int. 22. Two early males, both lying in the same vacuole. In both the 
nuclei are (*nlarg(‘d, and although the eytoi)lasm is reduced, it still retains 
its .smooth outlines and is not vacuolated. Nuclei typical. 

Fig. 19. — Camera outline. Thionin and acid fuchsin. Moiise 249, 3 hours, 
int. 22. Male. Cytopla.sm reducetl to a small cap at either end of the 
])arasite. Nucleus greatly (*nlargcd and .showing the usual structure. 

Fig. 20.— C 'aiiKTa outline. Iron haanatoxylin and aeid fuchsin. Mouse 249, 

3 hours, int. 30. ICarly male stage. Cytoplasm somewhat reduced in (pian- 
tit\' and showing signs of degeneration. Nucleus slu)ws a net of the usual 
character and is provided with one larg(‘ conspicuous granule. This kind 
of granule apjx'ars to recpiire iron haanatoxylin for its demonstration. The 
parasite lies in a partly emptied mucous cell. 

Fig. 21. — C’amcra outline. Irrui ha-inatoxylin and acid fuchsin. Mouse 249, 
3 hours, int. 30. Fossilily an c'arly fcanale stage. Cytoj)lasm flense; 
nucleus clear cut with a central ina.ss and thrc(‘ black granules on peri[)hery. 

Fig. 22. — Camera outlinf*. 'Fhionin and acid fuchsin. Mou.se 249, 3 hour.s, 
int. 22. Probably an early fernak* stage. Cytoi)lasm sharj)ly deliniited 
and dense. Nucleus enlarged, but not suflicicntly .so a.s to cause bulging of 
the cell bounflaries. Within the nucleus is a round red body from which 
blue rays extend to the nuclear membrane. 
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Fig. 23. — Camera outline. Wright’s stain. Mouses 120, 3 to 3\ hours. Early 
male form. 'I'lie cytoplasm has nearly disai>p(‘ared. 'Fhe nucUais is typical. 

Fig. 24. — Camera outline. Mouse 120, 3 to 3^ hours. Early male stage. 
Cytoplasm greatly reduc(‘d. XudcMis very large with a well-ilcveloj)ed 
nuclear net. 

Fig. 25. — Camera outline. Iron haanatoxylin. Mouse 201,4 liours,* int. —3. 
Early stage of doubtful sex. Cytoj)lasiu sharply tlelimit(‘tl and den.-'C. 
Xuelear net obseur(“«l. A larg(‘ black granide prescait. 

Fig. 20. — ('amera outlim*. Iron luematf)xylin. Mouse 201, I liours, int. —3. 
I^ira>ite li(‘s in what ."eeiiis to be a inueous c(41. Cytoplasm dense ;iml 
nearly homogeneous. Nuehais clear cut, showing a sharj)ly marked karvf>- 
>oni(‘ and two con>picuous black granul(‘s. This ])ara.''it(‘ might b<‘ eitii(‘r 
a mal(‘ or a femah‘. 

Fig. 27. — Caimaa outline*. Thi«)nin. .Mouse 2i)l, 4 hours, ini. —3. Early male 
stage. C'onsists r>f an <*nlarg(*d nuchais surrounded by a narrow strij) of 
cytoplasm, with a quantity of (U‘g(*neratc mat(*rial lying on one side. 'Khe 
parasit(‘ is probably cut obli(|Ucly. 4'he nucl(*ar net is well d(*v(‘l(jped. 

Fig. 2s. Fret*-hand drawing. 4'hionin and acid fuchsin. Mouse 247, 4 hours, 
int. 14. I^arly banale stage*. ('(*11 outlines >rnooth and eytopla.*'m apj>ar- 
e*ntly not d(‘g(*n(*rate*. Nucle*us rath(*r small with a ch*ar-cut membrane 
and a e*e*ntral karvosome. 

Fig. 29. — C’amera outline*. Iron ha*matoxylin and aciel fuchsin. Mous(* 247, 

4 hours, int. 14. Early female* .^tage*. C’(*ll boimdarie*s sharp, 'rin* 
cytoplasm is ne*ith(*r de*gene*rat (* nor has it .'^ulT<*re*d any lo.ss in eiuantity. 
The nu(*l(‘us does not caii.se* any protrusion of the* si«lesof theee*ll. A large*, 
distinct karyo-^emie* is pre>(*nt. Figure* diagrammatic. 

Fig. 30. (’airu*ra outlim*. I)(*lalii*lel and acid fuchsin. Mou.*^e* 217, 4 hours, 
int. 19. Form dillicult to classify. The* cytoj>lasm shows a di.'^tinct e*.\t(*rn;il 
boundary ami. while* vacuolate*d, is ai»pare*ntb' not de*g(*ne*rate. X’ue*le*us 
is a ve'sicle with a very large central mass. 

l*'ig. 31. — C'amera outline*. Iron hteinate>xylin and acid fuchsin. Mouse 2.’)0. 

5 heeurs, int. 22. Mah*. Cyteqjlasm has di.sapp(*ared. exe*e*pt for a cr<*s- 
ce*ntic ma.'>s at e)tu* e*nd. d'he* nucle*us i.s gre*atly e*nlarge*d and shows a we*ll- 
d(*vclope*d net. 'Phe* net its«*lf is ae*idophil, the* granule*s associate*d with it 
arc basophil. 

Fig. 32. (’ame*ra outline. Irein ha*matoxylin and ae*id fuchsin. Mouse 250. 

5 hours, int. 22. Male*. ('ytopla."m has appare*ntly wheelly disapp(‘an*d. 
4'he* nucle*us is v(*ry large* and slmws an acido|)hil m*t b(*se*t with a ntimbrr 
of sharjdy basophil graiiule*s. 

Fig. 33. — (’ame*ra outline*. Iron ha*matoxylin ami acid fuchsin. Mouse 250, 
5 hours, int. 22. l*’e*m:de*. ( ’ytopl:isin eh'rjsc and, while* vae*uolate*d, shows 

no signs of de‘gcm*ral ion. Xuch*us n ve*sicle with a large* karyoseimc ami 
two iiitens(‘ly black graiiule*s. Strands joining the* kar^•o^(lme• with the* 
nuclear irn'inbram* e*ould not be* made* eait. 

Fig. 31. (’aim*ra outline*. lr<)ti li:e*matoxylin and ae*id fuchsin. Mouse* 250, 

4 hemrs, int. 22. h'eniale*. Cylo|)lasin shows no signs e>f ilege*ne*rae*y. It 
consists of ;i lighte*r gronml substance in whie*h are* a number e,f jeoorly 
de*rme*d darke r bodie*s. Nucleus a ve*sie lc in whie*h is a large* kjiryosomc. 
Little* stramls extend out from the karyosome*. but the*ye e»nld not be* traccel 
the* whole distance* to the* micle*ar membrane*. 'Two black granule's pre*>e*nt. 

I’ig. 35. (’amera outline. I)el;di<*ld and acid fuch.^in. Monx* 253. t> houiH. 
int. 19. l'e*m:ile*. In this figure* an atte*mpt is maele* to iiidie'ate* the* alvcolai 
characteT of the* cytoplasm of the* fcni.*de*s. \ne*leus a ve‘>i(*le* containing a 
large* k.iryehsoim*. 

I’ig. 3t>. (’ame*r.’i euifline. l)clafie*lel ami aciel fuelisin. Mouse 2.“».3, t> henir", 

int. 19. l'e*niale*. ( ‘yl<ei)l.'i.‘'in rather ele*nse, but libe*rally va«*nol.ile el. 

Nuch'iis a vc'iiclc with a large karyeeseum*. 

Fl.\tkI1I. lig. 37. ( *am(*ra out line*. I )e*laiie*hl anel ae*i<l fneh'^in. .Moei-'e* 253. 

i> hours, int. 19. 'I he ligurc shows two fe*male*.s which have inva<h*el the* 
s;iim* e*e*ll ami eh*ve*le>pe*el >iele* by siele*. 

‘ Se*e* the* annotation with re*g.*irel to mou^e* 2t‘d, em p. |0. 
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I’lj:. iiS (.'.‘uuora oniliiu'. 'I’hionijj and a«*id furh^in. Mouso (i hours, 

Int. li). Male. l’arasi(<* r('<lu(<Ml to its nurh'us which shows tlic miclcar 
net and a lar^c central mass (»f chromatin. 

riji. ol). C'anaTa otitlim*. Iron h:cn»ato\yIiti atid acitl fuchsin. Mouse tK), 

d and r» hours. Mah*. 'I'he parasiti*. i(‘duc('<l to the nucleus, shows a 
welUleveiopini micl(‘ar it(‘t and a basopliil karvosome nearly (*ut into two 
hyacleft. 

I'i*:. -10. C'amera outline. Iron haMuat(»\yIin and acid fucljsin. Mouse lOti, 

0 hours. Mah'. Parasite rcducc'd to its nuch'us, which sliows tin* typical 
U(*t an<l a larije central atimepition in which an' live basophil granules. 

Kill. II. C'aim'ra outline. l)elali(‘ld and ('osin. Mouse lOt), 0 hours, d'vpical 
mah* parasite*. 

I'i^. I’J.— C\*nn(*ra outline. De'lalic'hl and a<‘id fuchsin. Mou.'^e 10(), 0 hours. 
Tin* (i.min' sliows two mah* parasite's lyint^ in adjaee-nt ce'lls e>f tlie meaise, 
anel it is instructive in that a marked Ciintrast in staininji re-actiem is to be' 
se'e'ii. the upper ce*ll be'int: aeadophil, the h^we'r ba.sophil. 

l'i‘^. -Id. — C'ann'ra outline. Irein ha'inatoxylin and acid fueiisin. Motise* 00, 
d and (» hours. Mah\ eloulith'ss be'hmj^ing to the O-lieiur perioel. The 
nue*h'ar net is in the' main ae*i<lophil, but a pea t ion of it lias taken on a sliariily 
ba.sophil staininp re'aciion. 

I'iji. II. Caiue'ra outline*. Imn ha'inateixylin and aciel fuchsin. Mouse lOh, 

0 hours. 'Male*. Shows a typical nue*lear ne*t, a larjje* acidojihil karyoseune 
anel a number of ba.sojihil granules. 

hi*:, b"). — Came'ra eiutline*. Iron ha'inatoxylin anel ae-iel fuch.sin. Mouse lOO, 

0 hours. Male. The' nuclear material is parth’ aei(h)])liil, jiartly basophil. 

Kill. 4t». — C'amera ejutline*. Iron luemato.xylin and acid fuchsin. Meaise lOt), 
0 heair>. .Mah'. The' chreanatin i.s. basoj)hil anel finely elivieh'el. 

Fin. 47. C’amera eiutliia*. Iron luematoxylin and acid fuchsin. Mouse lOb, 
t) hours. Mah*. The chromatin i.s basopliil, and eie-curs as minute granule's, 
e'xcept for the (‘luster eif larger tyrannies which is jiresumably derived from 
the karyei.some. 

Fiji. — Camera eaitline. Iron ha'inatoxylin and acid fuchsin. Meaise !(>(>, 

0 hours. Mah*. The* chromatin is partly aeid()])hil, partly basophil. 

I'iji. lU. — C'amera outline*. Iron luematoxylin and acid fuchsin. Mou.se 106, 

t) hours. The chreanatin is basojihil anel in a state e>f fine' subdivision, 
exce*pt for the central mass which is proliably (h'riveel from the karyosome. 

Fi^- oO. — C'amera outline. Thionin and acid fuchsin. Mou.se 106, 0 hours. 
Mah*. 4'h(‘ jiarasite* >liows a delicate net provided here and the*re with 
baso[)iiil tiranuh's. 

Fi«. 61. — Came*ra outline*. Iron ha'inatoxylin and acid fuchsin. Mouse 106, 
0 liours. Mah*. Tlie jiarasiu* shows a delicate net provided with minute 
chromatin to'anules. 

Fifr. 62. C’aine*ra outline*. Iron ha'inato.xylin anel aciel fuchsin. Mouse 120, 

10| and 17 hours. Mah*. The e-hreunatin is extremely basophil anel tlie 
bulk e)f it is (*one*(*ntrated into rounel balls. It is impeissible to say to which 
of the two inf(*(*tive fe*(*els this parasite belongs. 

Fig. 66. C'amera eaitline*. Iron ha*matoxyIin anel aciel fuchsin. Mouse 120, IO 2 
and 17 hours. Shows two male parasit(*s lying siele by siele. Instructive on 
account e>f the markeel diIT(*r('uee in staining reae*tion. 

Fl.\tk 1\’. — I'ig. ')4. —C’amera emtline. Ireui ha*mate)xylin and aciel fuchsin. 
.Mous(* 120, lt)i and 17 heairs. Male. 4'he (*entral aggregatiein consists of 
.<harply baxijihil substance* be’twee'n which is acideiphil mat(*iial. In the* 
forme*r rounded granule’s can be elist inguishe*el. 4'his central ma.ss is throwing 
out e*xtensions intei the balance eif the nucle*us whe*re* there are aggregates 
e*orni) 0 .'*eel jiartly of sharply black granule’s anel partly e>f acidophil material. 

Fig. 66. - Camera outline. Iron ha'inatoxylin and acid fuchsin. Mouse 120, 
105 anel 17 hours. Male. The chromatin i.s lilack in the* iron hiematox^din 
and occurs as minute* granule's. 'I’he gene*ral ina.ss is showing a te'ndency 
both to form small c|iiste*rs aial to assemble* upon the j)eri])he*ry. 
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Fi". — Camera outline. Iron lueniatoxylin and acid fuehsin. Mouse 120, 
101 and 17 hours. Male. Th(' (‘hromaiin oeeiirs as small irranulos which 
a])pear to he rni^ratinjr toward the p(‘ripherv. 

Fi*:. — Camera outline. Wright’s stain. .Shui^e 110. Ill hours. Male. 

There is a larfie, irregular mass consisting of acidophil material which is 
liberally provided with iiunctiform ba.sophil granules, and, in addition, a 
number of sharjily staining elonj^aled granules. It i> dillicult to detc'rmine 
just wln^re in the devidopment of the ifiah' parasite a form like this belonj^s. 

Fi". .58. — Camera outline. Delafiehl and acid fuehsin. Mouses 10(>, 9 hours. 
Male, d'he chromatin is in th«* form of minute basophil ^ranuh's. Thc're 
is a larJ^e irregular ma.>s of these, and three roumled clusters near tin' 
periphery. 

Fii:. .59. — C’amera outline. Iron h;ematoxylin and acid fuehsin. Mouse' 100, 
9 hours. Male. 'Fix' chromatin is atitria'^jated into clustersof One «;ranules. 
all of which are sharply basophil. Sonx'of tlic.-'C clusters are wholly indepe'iid- 
ent of one' another; otln'is are still united by >irips of acidophil substance'. 

Fiii. tiO. — Camera outline. Iron ha*inatoxylin and acid fuehsin. Mouse 179, 

HU hours, int. —1. Male*, ddx' chromat in occurs as minute' basophil t^ranules. 
either scattere'el or atijin'irated into eduste'rs. A marke'd teitelency toward 
the as.^umption of a jK'rijtheral ."ituatiem i.-- to be noteel. 'Phe' remnant of 
the linin netwe>rk i.-- omitteel in the' drawing. 

I'iir. 01.— ('amera otitlim'. Inm ha'inatoxylin and acid fucli>iit. Mouse' 179, 

10> hours, int. — I. 'Flu' chromatin is in the* form e>f minute base»|)hil granule's 
which o(*cur in cluste'rs, most of which are* pe'rijdu'ral. 'Phe' remnant e»f 
the linin ne‘twe)rk is e)inittcel fre)in the drawinti. 

Fiir. P)2. — Came-ra outline*. Ire»n ha*mate)xylin anel ae*id fuehsin. Me)use‘ 179, 

H)} he>urs. int. —1. Male*. This lii^ure* portrays much the .same cemelitie)ns 
as are .''heewn in li.K. hi. luit e)iily an e>ptie‘al .se'clieut e»f the* parasite* is she)wn. 
'Phe jcranular cluste*rs are* thus se*e*n to be exclu.-'ive'ly pe*riphe’ral. 

I'ii:. t’llL — (\ime*ra enitline*. I )e*lalie*lel anel aeid fuehsin. Meuise* 120, lOj anel 

17 hours. Fe»rm suppe)se*d te> be* a male*. 

Fit:. P)!. Fre*e-hanel ske*te*h. Irem ha'inatoxylin anel aedel fuch."in. Me)us(* 120, 
lOi anel 17 hemrs. Suppe)x*d male*. 

Fm. 0.5. — ('ame'ra outline*. Irem luemalejxylin anel ae*id fue*hsin. Menise* 100, 

9 hours. Male*. 'Plie chreeinatin e)e*e*tirs as e*luste*rs eif minute irranule's. 

Fii:. (iP». — ('ame*ra outline*, \^ ri^ht’s stain anel e*e»>in. Meuise* 1.52, IS hemrs. 

.Male*. Optie-al se*e-tie)ii. dlie* chreuoatin is in the* fe)nn e>f minute*, inte*nse*ly 
basophil granule's, aj:me*^rate*el in clu>te*rs that are* ‘irraime'el in a re*^ular man- 
ner areeiinel the* pe*riphe*ry. 

I’ivj. 07. ('ame*ra eeutlim*. W’riulit's stain anel e*osin. Me)u>e* 1.52, is hemrs. 

int. —2. Male*, t )pt ie*al se*e*t iem. 'Phe* jjramiltir e*lu>te*r.'., t he* fe)rerunne*rs e>f 
the* mie*re)jiame*te*s, are* seM*n te» be* {irran^e*il in a re*milar manne*r aremnel the* 
j>e*riphe*ry. The*y are* slielitly meue* cemipae*! than in fiu teti. 

l it:. tiS. — ('aine*ra e)eithne*. Wright's stain anel e*e»sin. Mem>e* 1.52, IS heairs. 

int. —2. (tptie*:el >e*e*1ioii. d‘he* e*hl.Nte*rs are* be*e*eiinint: inejie* atiel ineue* seiliel 

Fie:. 09. ('aine*ra emtline*. Irem ha inatetxylin anel aeiel fue’hsin. Me»ise* HlO, 

9 hemr". 'Phe* enie*re»t:ame*le* nue*le*i have* .still furt he*r soliehlie*el It is we>rthy 
eif nette* that li^J. 01>, fremi a 9-hemr meeuse*, l'e*pre*.se<ills late*r e*e>nelit ie>lls th.'ili 
flu. leS, an Is-hemr sl.ai:e*. 

Idt:. 70. (*anie*ra emtline*. Irem ha*mate»xylin anel ae*id fue-hsin. .Mem^e* HMl. 

9 hemrs. ttptie*al sestiem. 9'he* mie-rei^aiiie-te* nue*le*i h.*i\e* be*e*emie* remnel 

seiliei balls. 

I'm. 71. Camera emtline*. Irem hainateewlin anel ae*iel fuehsin. .Mem^e* HHi, 

9 heeiirs. .Male*. (’oneluion infe*riue*eli;ite* be'twe*e*n theise* shetwn in litis. ti9 
anel 70. 

Fc.sTK I’iti. 72 (‘aine*ni outline*. Wriuht’s st:mi :uiel <*eisin. Meeiise* 1.52, 
is hemrs. int . —2. .Male*, d he* sohel nue*le*i are* <*|etnti.*it int: to fenin the* niie*re)- 
t:anie*t e*s. 

I'iti. 72. ('amera outline*. \\rit:ht'.s st,*iin an<l e-o-in. .Mem-e 1.52, Is hemrs, 

int. —2. d'lie* e*|e>nt:at iem e*ontnnie*.s. 
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Fig. 7-1 C'aiiuTa omlinc. Iron iKi'inatoxyliii and oo'iin. Mniis<* lur). ‘I Imnrs. 
Malt‘. .''tago allowing inicrogainotcs. 1'1 k' pani.^ito is unusually small. 
'I'his stag(* is very ran- in jx‘ri«Mls as sliori as D hours. 

Fig. 7d. (\iin<Ta <nulinr. \\ right’s stain. Mouse 1.7J, IS hours. Male. 
Stage showing mirrogaim*tes. 

I'ig. 7i>. C'ainera ouilim'. Iron haanato.xylin. Mous(* l;VJ, IS liours, iiM. — I. 

(Optical section of the same stage* of «h*velo|»iii(‘iit as shown in (ig. 75. 

I'ig. 77. l'nM*-haml sketch, ddiionin and acid fiielisiii. Mouse* *JI7, I heairs, 
int. n. l'e*male*. ty|)ie*al eauly stage. 

lig. 7s.— C'aiue'ra eniiline*. Iron haanateixylin anel aeiil fue’hsin. Mouse* lOit, 

D heairs. I'emale*. C'ytoplasm mot t leal. Karve)se)me* shows s(*ve*ral l)lae*k 
granules, 'fhis is po.ssihly a ve*ry e*arly stage of maturation. 

Fig. 7i>. C'aine‘ra eaitline*. Ireai lia'inateexylin. Mouse I Kh hours. d'yj)ieal 

female*. 

Fig. SO. I''re*(*-hanel >ke*te*h. Ireai ha*matoxylin. Menise I F5, d hours. ]*\*m:de*. 

I'ig. Si. ram(*ra eeiitline. Iie)U ha*mate)xylin and acid fue-hsin. Mejuse* I0(k 

0 heairs. Fe*male*. (\ she>\vs (ho alv(*olar structure* whie-h e*an 
fre*rpit*ntly he inaele* out in the* fe*male*s. Xue*le*us slxAVs a ring of d(*(‘ply 
staining granule-s lying areainel the* ine*ml)rane. I'lie'se are* taken to re*pre*se*nt 
that part of the* e*hre)iuatin which is n*je*ete*el during maturatiem. 

I'ig. iS‘J. — C’aim*ra eaitline*. De'lafielel and aciel fuchsin. Mouse 1()(>, 0 hours. 

Fe*mal(*, same* pha.se as shown in fig. 83. The granide*s lying in the mouse* 

ee*ll are* ueit l)e*li(*ve*el te> have anything to elo with the ])arasite. 

l ig. S3. — C’ame*ra eaitline. Iron ha'inatoxylin anel aeiel fue*hsin. Meaise lOti, 

0 hours. Fe*male*. Eale*r stage* of maturatiem. 

Fig. s4. — Camera eaitline*. Irem ha*mate>xylin anel aeiel fue-hsin. Mou.se 14."), 

lli he>urs, int. —1. 1‘Vmalo. Late stage of maturatiem. 

I'ig. S.*). — (^ame*ra eaitline*. Wright’s stain. Mcaise I4fi, II 2 hours, int. — 1. 
Female. Late stage e>f maturatiein. 

Fig. Nt). — Camera e)Utline. Ire>n iKomato.xylin and acid fuchsin. Moii.se 120, 
lOj anel 17 hours. I’emalo, late stage of maturatiem. 

Fig. 87. — Came^ra eaitline. Wright’s .stain. Mou.se 140, IH hours, int. — 1. 
Female, late* stage* e»f maturation. 

l"ig. SS. — Camera eaitline*. Wright’s stain and eosin. Moii.se 152, 18 hours, 
int. —2. Mature* female or inaereigainete. 

Fig. SO. — Camera eaitline. Irem ha*matoxylin and aeiel fuchsin. Mouse 120, 

105 and 17 he>urs. Mnere)game(e. 

Fig. 00. — Camera eaitline*. Iron hieinatoxylin anel acid fuchsin. Mouse 14.5, 
111 hours, int. —1. Maerogamete. 

Fig. 91. — C'amera eaitline. Wriglit’s stain anel (*o.sin. Moii.se 152, 18 hours, 
int. —2. Maere»gainete*. 

Fig. 92. — C’amera e)Utline*. Wright’s stain anel eosin. Mouse 1.52, 18 hours, 
int. —2. Twe> inierogamet(‘s are .seeking to fertilize a macrogamete. 

Fig. 93. — C’aim*ra e)utline. Wright's .stain and eo.sin. Mouse 1.52, 18 hours, 
int. —2. Three* maere)gaine*te*s are shown, in each of whie*h is a conspicuous 
e-hromatic ele‘ine*nt, take*n to he* the microgametc. 
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